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ADVERTISEMENT. 



An increasing taste for the study of Natural History 
having been strongly evinced by the formation of nume- 
rous societies in all parts of the kingdom, to promote the 
ctthiratioH of this most interesting department of science, 
and by the introduction of some of its more popular 
branches into many of our educational institutions, the 
Au'^or has been led to believe that a Series of Manuals, 
exhibiting, in a condensed form, the more important facts 
^nd phenomena, and an account of the different theories 
elicited from them, might be acceptable to many who are 
desirous of obtaining a knowledge of its various branches 
in a systematic manner, and at as little expense of time 
and money as the subject will admit. With this view, he 
intends to prepare a Series of Treatises on a plan more 
adapted for elementary instruction than any which are at 
present known to him. They will be written in easily in- 
telligible language, yet so as not to sacrifice truth to orna- 
ment, or to substitute sentimentalism for science. By 
carefully condensing the materials, selecting appropriate 
illustrations, and adding a glossary of terms, it is hoped 
that as much knowledge of the different subjects will be 
conveyed as will suffice for general instruction, and en- 



VI ADVERTISEMENT. 

able those who are desirous of extending their informa- 
tion to pursue their inquiries with advantage. In the 
anticipation that the study of Nature will assume a still 
more prominent part in national education, the Author 
purposes to adopt such an arrangement of his subjects 
as will render the manuals suitable for class-books, and 
to append to each chapter a recapitulatory series of ques- 
tions. 

A Manual of Botany will be published on the 1st of 
May, and will be followed, at intervals of three months, 
by Manuals of Mineralogy, Zoology, Comparative Ana- 
tomy, Mammalia, Birds, Beptiles, Fishes, MoUusca, 
Insects, British Plants, and other branches of Natural 
History. 



Edinburgh, 25th January 1840, 
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INTRODUCTION. 



1. Geology may be defined a Science which unfolds the 
Physical Conditions and Composition of the Earth, describes 
the Phenomena exhibited by its Component Parts, explains 
the Mutual Action of its Elements, and accounts for the Dis- 
position and Relations of the Materials of which it is con- 
structed. The name of this science is a compound of two 
Greek words : yti, ge, earth ; and >.oyas, logos, discourse or 
doctrine. 

2. It has, however, been variously defined and subdivided. 
Thus, M. d'Aubuisson, who, like other disciples of the illus- 
trious "Werner, designates it by the term Geognosy, com- 
pounded of yn, ge, earth, and yvuffts, gnosis, knowledge, states, 
that '' its principal object is the knowledge of the mineral 
masses, or rather of the various groups, or systems of mineral 
masses, the aggregate of which composes the solid part of the' 
terrestrial globe. It considers the mineralogical composition, 
8tructure,'form, and extent, of each of these systems ; treats of 
their relative arrangement, of the circumstances of their mu- 
tual superposition, and of their various relations to each 
other. Whatever has reference to the mode and period of 
their formation, the changes which they have undergone, in 
short, whatever is coimected with their natural history, be- 
longs to it ; and since our globe is formed only by their aggre- 
gate, the knowledge of its constitution, physical as well as 
mineral, will be the final result of this science.'' According 
to Mr Lyell, the inquiries with which Geology is occupied are 
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these : — ** Of what materials is the earth composed, and in 
what manner are these materials arranged V^ Mr Bakewell 
informs us, that the peculiar objects of geological research 
are : — '' 1st, The materials of which the solid crust of the 
globe is composed ; 2d, The arrangement of rocks and strata ; 
3d, The changes which the surface of the earth has under- 
gone." M. Delafosse divides Mineralogy into two branches : 
Mi|7EBALooY, properly so called, which has regard to the ge- 
neral properties and particular characters of minerals, their 
methodical classification, and economical uses ; and '' Geo- 
logy or Geognosy, which considers minerals with reference 
to their modes of existence in nature, the part which they 
perform in the structure of the globe, of which they are the 
materials, the laws which regulate their associations and re- 
lative positions, and of which the knowledge guides the miner 
in searching for useful substances ; lastly, with reference to> 
the valuable documents which they are capable of siqpplying^ 
to illustrate the history of the earth." 

3. S«me authors, in treating of it, having confined their view 
to a particular aspect, which seemed to them especially inte- 
resting ; while others have indulged in unfounded conjectures 
respecting the origin and duration of the object to which it 
refers, and not a few have striven to render it a criterion 
of the truth of Bevelation, or have exuUingly announced, that 
the strata of the globe disclose a philosophy contradictory to 
the Mosaic account of the Creation. As might be expected,, 
many persons have imbibed a. pxej,udice against, the study,, be- 
lieving it to lead to scepticism, ; but the crude reasonings and 
unwarranted speculationa that attend tbe> progjress of every 
branch of Katuxal Histoiy being gradually shewn, to be inr 
consistent and futile, oughi not to be. considered as impedi- 
ments in the search for truth ; and at the present day, in our 
happy country at least, attempts to subvert the moral govenk- 
ment of the world find little lavour with those who are mo- 
derately informed* Indeed,, a reaction has very naturally 
taken place> so that in the minds of many the positive truths 
of G«ology are- apt to be confounded wiUi the idle fancies of 
its cultivators. But ibis science is not more implicated with 
Bevelation Uian Botany or Zoologyy. against which no reli- 
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gious prejudice exists ; and it is time that men should cease 
to bring them into collision. 

4. The interest which Geology has recently excited among 
us is not confined to the class of persons who devote themr 
selves to scientific investigations^ but, in the prog^ss of ge- 
neral inf ormation, has extended even to those whose chief oh^ 
ject in reading is to find amusement. To sneh persons the 
multiplied details which form the only tcue basis of NatuzaJ, 
History are of little estimation^ while florid descriptions and 
ingenious theories are highly gratifying. On the other hand^, 
the student, of whatever condition of life, who wishes to add 
to his accomplishments some knowledge of a science that may 
prove in various ways useful to him, is desirous, of obtaining 
a demonstration of facts and phenomena^ before attenuating 
generalizations. These circumstances require to be kept in 
mind by one who would ofiEer himself as a guide to> the young 
geologist, and he who on this occasion comas forward as suck 
has endeavoured to adapt his Treatise to an extended class. 

5. The method which has been adopted results directly 
from the terms of the definition employed aJ^ve. The First 
Section treats of the Physical Conditions and Compositibn of 
the Earth ; the Second, of the Arrangement of the Compos- 
nent Parts of the Earth ; the Third, of the Causes of the Pxe-^ 
sent State and Belations of the Materials of the Earth. 
These sections are divided into chapters, those of the first 
treating of the General Nature of the Globe, the Atmospiter^ 
the Ocean, the Distribution of the Land, its Inequalities, 
Elementary Substances, Simple Minerals, and more eonuneii: 
Bocks. Geology being so directly implicated with Botany 
and Zoology, that the phenomena which it exhibits cannot be 
intelligibly stated, without supposing some previous know- 
ledge of these sciences, it has been found necessary to pre- 
sent a general outline of the vegetable and animal kingdoms. 
The second section treats of the Distribution, Arrangement, 
Structure, and Composition of Bocks, and, dividing them inta 
series, describes the Fundamental, Primary, Secondary, Ter- 
tiary, Alluvial, Overlying, and Volcanic Bocks, the stratified 
series being given in the order of succession from below up- 
wards. Although the descriptions are concise, they embrace 
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a very considerable number of facts and details, and are oc- 
casionally interspersed with theoretical explanations. In the 
third section it is attempted to account for the present state 
and relations of the Materials of which the Earth is com- 
posed. The Formations of the present period of the Globe, 
including soil, detritus, deposits from rivers, marine deposits, 
coral limestones, and volcanic products, are described. Then 
follow conjectures respecting the central parts of the globe, 
and the connection of the igneous rocks of different ages. 
Lastly, various circumstances relative to the stratified rocks, 
the formation of caves, and diluvial currents, are explained, 
and a brief account of the opinions now prevalent respecting 
the structure of the globe is given. An Outline Geological 
Map of the British Islands, a Glossary of Terms, and an In- 
dex, complete the Treatise. 

6. The facts, phenomena, and theoretical views presented 
in this Essay, have been selected from the works of indi- 
viduals who have distinguished themselves as zealous and 
trustworthy cultivators of geological science, and of whom the 
principal are Professor Jameson, Dr MacCulloch, Dr Buck- 
land, Mr Bakewell, Mr Lyell, Mr Murchison, Mr Sedg^ck, 
Mr Phillips, Mr De La Beche, M. D'Aubuisson, M. Dela- 
fosse, M. Bozet, and M. Milne-Edwards. Like other elemen- 
tary works on the same subject, it is essentially a compila- 
tion. The Author has on many occasions borrowed liberally, 
and on some has employed the very words of the original ob- 
servers, his object having been simply to convey instruction. 
He has not, however, acted as a mere literary compiler, un- 
acquainted with the objects which he describes ; but having 
for many years devoted a portion of his time to the study of 
Geology, holds himself not incompetent to the task assumed. 
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SECTION I. 

PHYSICAL CONDITIONS AND COMPOSITION 

OF THE EARTH. 

CHAPTER I. 

GENERAL IDEA OF THE EARTH ; ITS FORM, DENSITTy TEMPE- 
RATURE, AND COMPONENT PARTS. — ^HE ATMOSPHERE : ITS 
COMPOSITION, TEMPERATURE, CURRENTS, WATER, ELECTRI- 
CITY, AND AEROLITES. THE OCEAN : ITS COMPOSITION, 

TEMPERATURE, CURRENTS, EVAPORATION, AND THE NATURE 
OF ITS BED. 

7. General Idea of the Earth, t- The Earth or World 
which we inhabit, is one of a set of globular bodies called 
Planets, which move round the Sun, or central star, in ellip- 
tical or nearly circular orbits. These bodies revolve on their 
axes with different degrees of velocity, and perform their jour- 
ney round the sun in various periods ; each, however, with 
unvarying regularity. The diurnal revolution of the Earth be- 
ing divided into 24 hours, its annual revolution is accom- 
plished in 3654a<t8; 5 hours, 45 minutes, and 43 seconds; In 
this course, the Earth carries along with it the Moon, which 
revolves round it, performing twelve revolutions in the tirne. 
ocisupied iby it'in passing once round the sun. The other * 
bodies of the solar system move in the same manner as the 
earth, revolving round .the sun in a narrow' belt naiped the zo- 
diac, several of them accompanied by moons oj: satellites,- 
which. revolve round them. The mutual attraction^ of thesc^ 

B • 
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10 FORM AND DENSITY OF THE EARTH. 

bodies are productive of regulated perturbations, of whicb the 
examination is of little importance in a geological point of 
Tiew ; but the influence of the moon, especially with reference 
to the tides, or periodical movements of the water, is produc- 
tive of considerable changes. 

8. Form of the Earth. — The Earth is an oblate spheroid, 
or somewhat compressed globe, of which the equatorial dia- 
meter is about 26 or 27 miles greater than the polar, the for- 
mer being, according to Herschel, 7925.648, the latter, 
7899.170 miles. This form is such as would be assumed by 
a homogeneous yielding, loose or semifluid body, rapidly re- 
volving on its axis, as may be illustrated by thrusting a rod 
through a ball of clay or putty, and giving it a rotatory mo- 
tion, in consequence of which the ball will become flattened 
at the poles, and in a corresponding degree enlarged at the 
equator. The greater convexity of the equatorial parts thus 
effected results from the centrifugal force being greater at the 
circumference than at the centre of motion. It is accordingly 
conjectured that the earth has been originally in some degree, 
in whole or in part, fluid or loose, so that its particles have 
been displaced by its revolution, imtil ultimately becoming 
fixed, they have permanently assumed the spheroidal form. 

9. Density of the Earth. — The density of the matter of 
which the earth is composed^ compared with that of an equal 
bulk of any given substance, may be determined by the at- 
traction exerted by a mass of matter upon a plummet so as to 
draw it from the perpendicular line, this attraction being pro- 
portional to the quantity of matter in the given mass as com- 
pared with that of the earth. Dr Maskelyne, accordingly, 
from an experiment of thjis nature made on Schichallion, a 
precipitous mountain in Perthshire, inferred that the mean 
density of the earth was to that of the mountain as 9 to 5, 
and hence he concluded that the interior of the earth is com- 
posed of substances, of which the density is about double that 
of the mass of the mountain. But Mr Playfair, finding that 
the specific gravity of the mountain had been estimated too 
high, obtained only 5 for the density of the earth. This re- 
sult, being in accordance with astronomical considerations, 
has been generally adopted. It thus appears that the interior 
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of the earth is much denser than the parts at its surface ; for, 
taking water, at the temperature of 60^ as 1, we find that the 
heaTiest rocks with which we are acquainted haye a density 
of only 3, while the lightest are little more than 2, and the 
specific gravity of the ocean slightly exceeds 1. Thus, the 
specific gravity of the earth, including the water, cannot be 
much more than 2^, so that the parts in the interior must be 
correspondingly heavier to produce the mean gravity of 5. 

10. Tempebatube of the Eabth. — Considering the earth 
as bounded by the surface of the waters, and of that part of 
the land which projects beyond their level, so as to exclude 
the atmosphere, we find that the temperature of its external 
parts exhibits great variation. As the sun's rays are the 
chief source of heat at the surface, and as the temperature 
varies according to the quantity of these rays, there is a gra< 
dual diminution of heat from the equator, where their direction 
is perpendicular, to the poles, where they fall obliquely. The 
heat communicated by solar irradiation is modified by the vary- 
ing nature of the surface, of which the texture, colour, and capa- 
city for caloric, together with the elevation, and other circum- 
stances, produce in different localities difierences in the quan- 
tity of heat absorbed. Thus, sandy and rocky surfaces readily 
absorb and give out heat ; tracts covered with vegetation absorb 
heat by day, and as freely radiate it by night ; and the snows 
which cover the circumpolar regions are impenetrable to the 
solar rays, while they also prevent the radiation of the earth's 
heat. The temperature of the ocean is more equable than 
that of the land, owing to the continual upward and down- 
ward motions of its particles, caused by the changes of heat 
at its surface, and the constant or periodical movements of 
its waters. The currents of the atmosphere induce great 
changes in the temperature of the circumpolar regions, and 
the diminution of its heat as we recede from the surface of 
the globe, has a similar efiect, the elevated ridges, covered 
with snow, that present themselves even in the tropical re- 
gions, tending to moderate, by the currents of cold air, and 
the numerous streams, which participate of their frigidity, 
the intense heat of those sunny climes. The heat derived 
from the solar rays is again in part dispersed into the atmo- 
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Sphere, so that no permanent accumulation of it takes place 
either generally or in particular districts. Indeed, the con- 
trary has been inferred from yarious considerations, although 
the progressive diminution of the temperature is so slight as 
not to effect any perceptible change in a thousand years. 
' But beyond a certain depth, or that of 100 feet, at which the 
influence of the sun's rays ceases, experiments made in mines 
in different parts of the world, appear to render it probable 
that the temperature increases toward the centre, and this in 
a regulated gradation, which M. Cordier has concluded to be 
one degree of Fahrenheit in forty-five feet. This result of ob- 
servation is in accordance with that deduced from mathema- 
tical investigations, and is further strengthened by the depo- 
sition of fossil plants belonging to warm climates, in regions 
now incapable of producing them on account of their low 
temperature. 

11. Component parts of the Earth. — ^The materials of 
which the earth is composed exist in three states, the solid, 
liquid, and aeriform. The greater part of the globe may be 
considered as solid, since its mean specific gravity is greater 
than that of the rocks at its surface ; but whether the solid 
mass be in a state of partial fluidity or not, although various 
considerations would lead us to infer that it is, we cannot 
with certainty know, since the depth to which we have been 
able to penetrate is comparatively insignificant, the distance 
from the highest strata to the lowest part of the excavations 
made in mines not exceeding eight miles. It is this external 
part of the globe, accessible to observation, which technically 
bears the name of the earth's crust : a term not meant to 
imply any theoretical idea, but simply to designate the super- 
ficial portion of the globe, the thickness of which, compared 
with the bulk of the earth itself, as Mr Bakewell observes, 
*' does not exceed that of a coat of varnish upon an artificial 
terrestrial globe." Taking a general view of the earth, we 
find that its surface, which is calculated to contain about 
1 90,000,000 of square miles, is partly composed of land, and 
partly of water, the latter, predominating in the proportion of 
2| to 1. The globe, thus circumscribed, is surrounded by an 
aeriform fluid, the atmosphere, which, although, properly speak- 
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ing, not a part of it, requires to be here considered, on account 
of the influence which it exercises upon it. We haye thus 
three distinct subjects of investigation, the Land, the Wateb, 
and the Aib. The last of these, which is the proper subject of 
ihe^science of Meteorology, requiring little notice in a treatise 
of this kind, may be first considered. 

Of thb Atmosphbrb. 

12. Composition of the Atmosphere. — The aeriform 
envelope of the earth, which, from its refractive powers, has 
been calculated to extend to the height of about 45 miles, is 
chiefly composed of atmospheric air, a compound of oxygen 
and nitrogen in the proportion of about 1 part of the former 
to 4 of the latter^ together with a very small quantity of car- 
bonic acid gas, amounting only to about 3 parts in 1000. 
These proportions have invariably been found the same in 
all circumstances, in different climates, at the greatest eleva- 
tionSf and in the lowest depressions or excavations. But there 
also enter into the composition of the atmosphere various 
other substances. All the bodies which exist in the gaseous 
state in ordinary temperatures, whether issuing from the inte- 
rior of the globe, or emanating from the substances distri- 
buted over its surface, are found in it in greater or less quantity. 
Aqueous vapour, in particular, is generally dispersed in the 
atmosphere, increasing with the temperature of the climate 
and season, in the tropics often forming nearly a 30th part 
of its bulk, in temperate regions from a 65th part in summer 
to a 200dth part in winter, and gradually diminishing the 
greater the elevation. It is, moreover, pervaded by caloric 
and electricity, the effects of which are every where percep- 
tible. The component parts of the air not being combined, 
but merely mixed, readily enter into composition with various 
mineral bodies, in which they thus effect great alterations. 

13. Temperature op the Atmosphere. — The tempera- 
ture of the atmosphere is greatest at the surface of the earth, 
and gradually diminishes as we ascend in it, this change being 
dependent upon the unequal density of its strata, which be- 
come more rarified in proportion to their height. The dimi- 
nution of the atmospheric temperature varies in different cU- 
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mates, being more rapid in the temperate than in the torrid 
zone. At the equator, the line of perpetoal congelation is 
stated to be 15,207 feet above the level of the sea; in lat. 
15®, 14,220; in 30^, 11,484; in 45*», 7,671 ; in 60^3,818; in 
70®, 1,778 ; and in 80®, 457. This arrangement is productive 
of the most beneficial results, the snow-clad mountains of the 
warmer regions of the globe being the sources of abundant 
streams, which irrigate regions that would otherwise be 
doomed to sterility. 

14. CuRSENTS OF THE Atmosphebe. — Although the atmo- 
spheric mass is equably distributed over the surface of the 
globe, it is seldom any where in a state of perfect rest, some 
of its parts being always agitated in various degrees, so as to 
give rise to currents, of which some are regular and periodi- 
cal, while others are accidental. Of the former kind are the 
trade-winds and monsoons, sea and land breezes, which are 
caused by the rotatory motion of the globe being greater than 
that of the air, in consequence of which the latter seems to 
move in a contrary direction, from east to west ; or from the 
combined attraction of the sun and moon producing tides in 
the atmosphere, as in the sea ; or from the rarefaction of the 
air over the land induced by the heat of the sun's rays ; or 
from various other causes. The irregular movements, or or- 
dinary winds, are produced by variations of temperature, or of 
electrical distribution, and have frequently a circular or rota- 
tory motion. Considerable alterations are effected on the 
earth's surface by winds, which destroy vegetation, cause in- 
undations, and overwhelm fertile tracts with arid sand. 

15. Atmospheric Water. — ^From the waters spread out 
on the earth's surface, vapour is continually rising into the 
atmosphere, in which it is partially dissolved, becoming per- 
fectly invisible ; while the rest forms masses of various forms 
and dimensions, constituting mists and clouds. The water 
diffused in the air thus exists in two states. In one, the 
aqueous particles are combined with those of the air ; and the 
force of their cohesion is so great, that chemical agents most 
be employed to separate them. In the other, it is supposed 
that the aqueous vapours form minute vesicles, which reflect 
the light, and are thus rendered visible. These vesicles or 
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globules must be capable of contracting and dilating, and thus 
vary the weight of the clouds, which alternately rise and fall. 
The aqueous vapours dispersed through the air cause deli- 
quescence of bodies, such as certain salts, and especially those 
of which soda and potash form an ingredient, these sub- 
stances having a great a£Ebiity for water. By combining with 
other substances, they change their state of aggregation ; and 
thus some limestones, clays, and metallic oxides, are ulti- 
mately reduced to powder. When the clouds are condensed 
they descend, and on being agitated let fall the water which 
they contain in the form of rain, the quantity of which is 
often so great, as, in collecting in hollows, to carry with it 
soil, sand, gravel, and fragments of rocks, scooping out chan- 
nels in the soil, and depositing the particles on reaching the 
more level places, where the velocity of the water diminishes. 
Being absorbed by the soil, the atmospheric waters, gliding 
into the lowest levels, produce springs, rills, brooks, rivers, 
and lakes. Beduced to the solid state by the diminution of 
tem}>erature, they form the snow and ice by which so large 
a portion of the globe is permanently or periodically covered. 

16. Atmospheric Electbicity. — The electric fluid which 
pervades all bodies, exists in great quantity in the clouds, 
from which it is discharged, either silently, or so as to give 
rise to the phenomena of lightning and thunder. Rocks are 
sometimes shivered by this cause, or their surface is melted ; 
but the action of lightning is not productive of much appa- 
rent change on mineral masses. It is supposed that the for- 
mation of hail is owing to the electricity of the atmosphere. 
The cold of the upper regions congeals the water into very 
small particles or crystals, which, on the approach of differ- 
ently electrified clouds, travel from one to the other, becoming 
conglomerated in their course, and forming hailstones of suf- 
ficient weight to render the power of gravitation predominant. 

17. Aerolites or Meteoric Stones. — It is well known, 
that in many countries stones or mineral masses, of various 
sizes, have fallen from the air, accompanied with the disen- 
gagement of light, and a noise like thunder. These stones 
are of irregular form; their ridges and comers are often 
blunted, as if they had been partially melted ; the surface is 
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partly covered with a very thin vitrified layer^ of a black co- 
lour ; the fracture-surfaces are uneven, of a grey tint, and, on 
being exposed to the air, become covered with spots of rust, 
arising from fragments of pure iron interspersed ; and, under 
the blowpipe, there form upon them little black globules, of 
the same nature as the external crust. Meteoric stones are 
generally harder than glass, have a specific gravity of from 
3.3 to 4.3, and are more or less magnetic. They are com- 
posed of silica, iron, and magnesia, with a very small propor- 
tion of alumina, lime, nickel, chrome, and sulphur. Large 
isolated masses of iron, having no connection with the neigh** 
bouring rocks, were found in the plains of Siberia by Pallas, 
and in those of South America by Humboldt. The metal in 
these masses being perfectly similar to that found in meteor- 
ites, and their form being irregular, these observers supposed 
them to be of similar origin. Shooting stars, which are fre- 
quently seen in great numbers in clear nights, are also c<m-« 
jectured to be meteoric stones. 

Of the Ocean. 

18. Composition of the Ocean. — It is calculated that 
the Ocean occupies more than three-fifths of the surface of the 
globe. Laplace estimated its average depth at twelve miles, 
but it is now generally believed not to exceed five ; and no 
actual measurement by soundings has extended beyond a mile 
and a quarter. But although the surface of the waters greatly 
exceeds that of the land, their bulk, compared with that of 
the latter, is only as 1 to 10,000. The colour of the sea is 
generally green or blue, of various tints, but differs according 
to its depth, the nature of the bottom, the quantity of minute 
animals which it contains, and the state of the atmosphere. 
Its taste is salt, with some degree of bitterness ; and it has 
been found to contain muriate of soda in the proportion of 2^ 
per cent., sulphate of soda, muriate of magnesia, and muriate 
of lime, in that of ^ per cent. Some idea may be formed of 
the vast quantity of saline matter contained in the sea from 
an estimate made by Mr Bakewell, who says, that, " if the 
average depth of the sea be five miles, and it contain 2^ per 
cent, of 8alt> were the water entirely evaporated, the saline 
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residue would form a stratum of salt more than 500 feet in 
thickness, covering three*fifths of the surface of the globe." 
Dr Marcet having examined sea- water from different parts of 
the globe, obtained the following results : " I. That the South* 
em Ocean contains more salt than the Northern, in the ratio 
of 1.02919 to 1.02757. 2. That the mean specific gravity of 
sea- water, near the equator, is 1.02777> intermediate between 
that of the northern and southern hemispheres. 3. That there 
is no notable difference in sea- water under different meridians. 
4. That there is no satisfactory evidence that the sea at great 
depths is more salt than at the surface. 5. That the sea, in 
general, contains more salt where it is deepest and most re- 
mote from land ; and that its saltness is always diminished 
in the vicinity of large masses of ice, 6. That small inland 
seas, though communicating with the ocean, are much less 
salt than Uie ocean itself. 7« That the Mediterranean con- 
tains a larger proportion of salt than the ocean." 

19. Tempebature of the Ocean. — The temperature of 
the surface of the sea increases from the polar regions where 
it is always below zero, to the equator. While the tempera- 
ture of the air diminishes as we rise from the earth's surface, 
that of the sea increases from below upwards. The maximum 
density of water being at 40^ Fahr., and its motions being free, 
it arranges itself according to its density, so that the portion 
which is nearly of that temperature occupies the lowest place, 
while that which is more heated ascends. But in the colder 
regions, the temperature of the sea increases with its depth ; 
and in the warmer the diminution of heat has a limit beyond 
which it remains the same. In the southern hemisphere, the 
diminution of temperature, as we proceed from the equator 
to the pole, takes place more rapidly than in the northern. 

20. Motions of the Sea, — The waters of the ocean are 
subject to various movements, of which some are general, 
others local or peculiar to certain spaces. The tides, which 
are of the former kind, are periodical alternating currents, 
depending upon the attraction of the moon, and varying in ve- 
locity according to the breadth or narrowness of the sea, the la^ 
titude, and other circumstances, the height being insome places, 
as the Bay of Fundy, as much as 120 feet, while in others tho 
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rise is scarcelyperceptible. In general, the height is greater the 
narrower the channel, but in inland seas, such as the Baltic, 
Mediterranean, and Caspian, there are hardly any tides. An- 
other general motion of the sea is that from east to west, 
more perceptible in the equatorial regions, and arising from 
the rotatory motion of the earth. The difference of tempera- 
ture also between the polar and equatorial regions causes re- 
ciprocal movements from the one to the other. 

The most extensive and remarkable of the partial move- 
ments of the ocean is that known by the name of the Qulf 
Stream, which, setting out from the Indian Sea, doubles the 
Cape of Good Hope, passes along the African coast to the 
equator, crosses the Atlantic, enters the Gulf of Mexico, 
whence it emerges by the Straits of Florida, proceeds north- 
eastward, is deflected off Newfoundland, passes south-west- 
ward along the coasts of Britain, France, and Spain, and again 
joining the great equatorial current, crosses the Atlantic A 
powerful current, which seems to join the Gulf Stream, passes 
through Davis' Straits, and proceeds southward along the 
coast of North America. On the western coast of South 
America, a current runs in the opposite direction. At the en- 
trance of gulfs or inland seas, there is usually a superficial 
current from the ocean, while a current flowing beneath or 
at the sides carries off their waters. Such is the case in the 
Straits of Gibraltar, and the Sound of the Baltic. 

These movements of the ocean produce a constant circula- 
tion of its waters, tending to prevent putrefaction, to equaliee 
its temperature, and to moderate the heat or cold of the ad- 
jacent coasts. Various productions of the West Indies, car- 
ried along by the Ghilf stream, are deposited on the shores of 
Europe : and it is said that this circumstance first gave Co- 
lumbus the idea of the existence of a western continent. 

21. Evaporation of the Sea. — The superficial waters of 
the ocean, as well as of lakes and rivers, are continually 
changing into vapour by the action of the atmospheric tem- 
perature. This vapour, dissolved in the air, is again depo- 
sited in the form of rain and snow, whence a continual cir- 
culation, necessary for the existence of plants and animals. 
In consequence of this restoration of the waters of the sea by 
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rain and rivers, it maintains a constant equality of surfaoe, 
seeming from one age to another to undeigo no change of 
level, although local causes, or general causes producing local 
effects, give rise to apparent alterations. 

22. Bottom of the Sea. — ^In so far as can be ascertained, 
the bottom of the ocean presents inequalities similar to those 
on the surface of the land. If, as Mr Phillips remarks, the 
depths of the sea be proportional to the heights of the land, 
in the ratio of their respective extent, the deepest depression 
would be about fifteen miles ; but we have no means of ascer- 
taining the actual depth by experiment ; and it would perhaps 
be more reasonable to suppose the depths of the ocean to cor- 
respond with the elevation of the land, and thus not much (o 
exceed 25,000 feet. Indeed, all that we know of the bottom 
of the sea is, that it consists of depressions and elevations, 
valleys and mountains, the latter often presenting themselves 
as islands and reefs, while the sounding-line detects the in- 
equalities concealed from view, tracing the gradual risings of 
sand-banks, and the steep acclivities of rocks. 



Recapitulation. 



7. What relation has the earth to the planets and sun 1 In 
what period is its annual revolution accomplished % What 
body does it carry along with it 1 Are the movements of the 
planets analogous to those of the earth ] Has any of the 
heavenly bodies much perceptible influence on the earth \ — 
8. What is the earth's form \ How much does its equatorial 
exceed its polar diameter t Give an illustration of the nature 
of this flattening. How is it supposed to have been induced 1 
— 9. How was the earth's density ascertained % What is the 
density of rocks and water at the earth's surface, compared 
with its mean density "i — 10. Whence does the earth derive 
its superficial heat, and how is it modified ] How do differ- 
ent kinds of surface operate in modifying the heat 1 Why is 
the temperature of the ocean more equable than that of the 
land 1 Have the currents of the atmosphere any influence on 
the earth's heat 1 Does any permanent accumulation of heat 
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take place in particular districts % At what depth does the 
influence of the sun's rays cease 'i What renders it probable 
that the central parts of the earth are warmer 1^—11. In what 
states do the materials of which the earth is composed exist 1 
What proportion of the globe is solid 1 Why is it inferred 
to be so ^ What is meant by the earth's crust 1 To what 
depth has it been perforated % What proportion does the sur- 
face of the water bear to that of the land % Has the globe 
any envelope 1 — 12. State the height of the atmosphere, and its 
chemical composition. What other substances exist in it I 
What are the proportions of water in the air in different cli- 
mates % Why does the air so readily combine with many 
bodies 1 — 13. Is the temperature of the atmosphere equable 1 
At what height is the line of perpetual congelation in differ- 
ent latitudes 1 — 14. State the nature and causes of atmo- 
spheric movements. What effects have winds on the earth's 
surface X — 15. Whence arises the water diffused in the air 1 
In what states does it exist 1 What effects has it on minerfd. 
bodies % What does it produce when absorbed by the soil, 
and when congealed on the earth's surface 1 — 16. Does elec- 
tricity exist in the atmosphere 1 What effects are produced 
by lightning on rocks % How is hail formed 1 — 17. Describe 
meteoric stones, their form, composition, and specific gravity. 
Why were the large masses of iron observed by Pallas and 
Humboldt supposed to be meteoric 1—18. What is the relative 
extent of the ocean '2 its average depth, and its mass compa- 
red with that of the land 1 Give an account of the colour of 
the sea, its taste, and composition. What results did Dr 
Marcet obtain from the examination of sea- water from differ- 
ent parts 1 — 19. What general circumstances have been ob- 
served relative to the temperature of the ocean 1 — 20. Is the 
flea in a state of rest, unless when agitated by winds 1 Of what 
kind are its motions 1 Give an account of its general move- 
ments, and of its local currents. What effects are produced 
by these movements % — 21. How is the loss by evaporation 
compensated 1 Does the mean level of the sea change ? — 22. 
What is the nature of the bottom of the ocean % How is it 
known to be analogous to the surface of the land 1 
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CHAPTER II. 

DISTRIBUTION OP THE LAND. INEQUALITIES OP THE EAETH'S 

8UEFAGE ; PLAINS, TABLE-LANDS, HILLY GROUND, MOUN- 
TAINS. ^HOUNTAIN MASSES OR CHAINS. BRIDGES OP MOUN- 
TAIN-CHAINS ; THEIR DECLIVITIES, VALLEYS, BRANCHES, 

SUMMITS, RELATIONS, AND LIMITS. WATER-COURSES, OR 

VALLEYS OF RIVERS, BASINS OP LAKES, WATER OF SPRINGS, 
RIVERS AND LAKES. 

23. Distribution op the Land. — If we glance over a 
map of the globe, we immediately perceive that while the 
ocean, which covers so great a portion of the surface, is con- 
tinuous, although running out into numerous branches, the 
land, on the contrary, is divided into two great continents, 
and a multitude of smaller masses of varied extent. The 
Eastern or Old Continent is formed of Asia, Africa, and 
Europe, while the Western or New Continent is composed 
of two portions, connected only by a very narrow isthmus, 
and bears the general name of America. From the vast is- 
land of Australia to the smallest rock of the ocean, there are 
all imaginable varieties as to form and extent. It is obvious 
that the mass of dry land in the northern hemisphere greatly 
preponderates over that of the southern, and it was long con- 
jectured that, to balance the globe fairly, there must be a 
great southern or antarctic continent, which, however, as is 
shewn by the tracks of navigators, has no existence. In the 
Old Continent, which has its greatesjb extension from west to 
east, the masses of elevated land, or mountain-ranges, stretch 
for the most part in the same direction, while in the New 
Continent, which extends from north to south, the chains of 
mountains have a similar course ; and in islands and penin- 
sulas it has been observed that the ridges of land generally 
occupy the greatest diameter. Many exceptions, however, 
are found to this rule, which yet expresses an important fact. 
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24. Inequalities of the Earth's Surface. — On taking 
a general view of the land^ as forming either of the great con- 
tinentSy we find that its surface sometimes presents yast ex- 
panses unbroken by abrupt eminences, is often elevated into 
ridges intersected in various directions by deep depressions^ 
and is frequently formed by a succession of hills and valleys 
producing gentle undulations* The hollows that occur in the 
land are sometimes deeper than the bed of the sea on the 
nearest coast, but in this case they are filled with water, 
forming lakes ; and there is in Asia Minor an extensive track 
considerably below the level of the ocean. Of this area of 
18,000 square leagues the lowest part is formed by the Cas- 
pian Sea and Lake Aral, which are, according to recent ob- 
servations, 100 feet below the level of the Black Sea. In a ge- 
neral view, the surface of the dry land may be said to be com- 
posed of plains, hilly groimd, mountain-chains, and valleys. 

25. Plains. — It is very seldom that a perfectly flat tract 
has any considerable extent, but plains unmarked by eleva- 
tions exceeding a few himdred feet occupy vast portions of 
the land. Of these nearly level tracts some are little eleva- 
ted above the sea, while others are situated at a height of se- 
veral thousand feet. The former are those to which the name 
of plains is usually given, while the latter are termed pla- 
teaux, or platforms, or table-lands. One of the most ex- 
tensive plains known is that which, commencing on the 
shores of the North Sea, extends over Poland, and occupies 
the greater part of Russia. It is divided by the Uralian 
Mountains from the great plain of Northern Asia, which 
stretches from the Frozen Ocean to the Altaic Chain. A 
vast extent of Africa is composed of arid sand, covering a 
nearly flat region, extending from Mount Atlas to the Niger, 
and from the Atlantic ijo the Nile. It is separated by that 
river and the Bed Sea, from the sandy deserts of Asia, which 
occupy a great portion of Arabia and Persia, and stretch over 
Central Asia to the confines of China. In South America, 
a succession of plains; some covered with perpetual verdure, 
others at one season presenting the appearance of an ocean 
of arid sand, at another overspread with a luxuriant vegeta- 
tion, extends from Patagonia and Paraguay to Caraocas, se- 
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parated by mountain ridges of varied elevation, and traversed 
by vast rivers, the shores of which exhibit a vegetation un- 
exceeded in variety and magnificence. In North America, 
the entire range of country from the All^hanies to the bases 
of the Bocky Mountains, including the sources of the Arkan- ' 
sas and Missouri, and traversed by the numerous streams 
which pour their waters into the Mississippi, is a vast plain 
covered with luxuriant herbage or forests. 

26. Table-Lands. — One of the most remarkable elevated 
tracts of nearly flat land is that which, at the height of about 
7000 feet, forms a great portion of Mexico. Other platforms 
of less extent occur among the Southern Andes, and on the 
summit of the Bocky Mountains. In Asia, it is supposed 
that a vast table-land exists between the mountains of Thi- 
bet in the south, and the Altaic chain in the north, having 
an elevation of 10,000 feet, and an extent of 1,500,000 square 
miles. In Southern India, the kingdom of Mysore, which 
has a general elevation of about 3000 feet, belongs to this 
class of plains. In Europe, the plain of Castillo, nearly 2000 
feet above the sea, is the most considerable, 

27. Hilly ob Undulated Gbound. — Between these ele- 
vated plains and those not much raised above the level of the 
ocean, are often seen hilly or mountainous tracts, traversed 
by valleys of varied extent. Few of the table-lands have a 
continuously even surface, and many of them are interspersed 
or margined with ridges and peaks, among which are inter- 
posed still more elevated platforms of small extent. The 
lower plains themselves are furrowed by grooves forming the 
beds of rivers, or exhibit long ridges of little elevation and 
shallow valleys. Between them and the mountainous regions 
often intervene large tracts of hills or low mountains, which 
are not grouped into ridges or chains, but seem to be dis- 
persed without order. 

28. Mountains. — A Mountain is a mass of land rising 
suddenly from the general level, and attaining a height of 
more than two thousand feet. A Hill is merely a small moun- 
tain, and the lowest elevations of this kind are named hil- 
locks or mounds. A mountain presents several parts, easily 
understood : the plane formed by intersecting it at the place 
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where it projects from the surface is its babb ; the circumfe- 
rence of the base is called the foot of the motrntain ; the ac- 
clivities aie its SIDB8 or flanks ; and its moat elevated part, 
the BUHUtT oc top. The sides of mountaina present all de- 
grees of inclination, but their slopes are for the moat part very 
gentle. It has been found that an inclination of seven or 
eight degrees is the maximum for wheol-carriagea ; that at 
llft«en or aixt«en degrees the acclivity ia very 8l«ep, being the 
maximum for beaata of burden ; that at thirtj-five degrees a 
person cannot ascend without cutting steps ; and that the 
ascent of a slope of more than forty-four degrees is imprac- 
ticable even with the aid of steps. The snmmits of monn- 
tains vary in form, bnt may be reduced to a few principal 
kinda. When a mountain is of a conical form, with the anm- 
mit narrow, it is named a conb, Fig. 1. a; when of the same 
form, but more massy and with the summit dc^essed and 
rounded, it is a doug, b. Mountains of those forms are 
always of volcanic origin. When a mountain appears aa if 
its summit were cut off, leaving a level and horizontal aor- 
fsce, it forms a flatfobu, c, or is said to be truncated. When 
the summit rises with an acclivity m.ore abrupt than the rest 
of the mountain, it ia usually, whether conical or not, named 
a PEAK, d; and when very slender pointed rocky protuberances 
form the aummits, they are called by the French aisiiii.i,bs 
or Needles, «, but t^ us generally peaks. 



Various other modi&cations may occur. For example, s 
mountain is not unfrequently saddle-backed. Fig. 2. a, that 
is, having its summit rounded, but more ot less concave in 
the middle ; and frequently it is formed into an extended 
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ridge 6. When one end of a mountain is yery abrupt, the 
other being of the ordinary form, or passing gradually into 
the plain, the abrupt portion is named an escabpment c. 
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A ciiiFF is a precipice overhanging the sea d. The form of a 
mountain depends entirely upon its composition. Thus, coni- 
cal and dome shaped hills, as already remarked, are of vol- 
canic origin ; those with extended flat summits are frequently 
of sandstone or other stratified rocks. The summits of moun- 
tains are scarcely ever mere points, but are flattened or con- 
vex to a greater or less extent ; and their feet are the parts 
which are least inclined. It is seldom that isolated moun- 
tains are met with rising abruptly from a level country. Fig. 
3. a, the usual manner in which elevations of the ground ap- 
pear being in the form of groups or masses, variously ar- 
ranged 6. 
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29. Mountain Masses. — Although the elongated ridges 
of land formed, by mountains are generally named chains, 
that term is very inappropriate, and must have been suggested 
more by the manner in which geographers are wont to mark 
them on maps than by their natural appearance. In descri- 
bing these ridges, we may follow D' Aubuisson, who has given 
a very detailed account of them in his Traits de Geognosie. 
If we suppose, in the midst of a flat country, a great mass of 

c 
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elHvated groimd, of an elongated form, and of which the (rans- 
yene section ia a triaiigle, Fig. 4,aae, this solid will repre- 
sent a mountain- chain. The two lateral Burfacea, eb,eb, will 
be the SIDES or declivities; their inteT8ectian,or upper edge, ed, 
the RiDQE ; the lower part of each, ab, a b, will be the foot, 
the two small aurfitcea, or bases of the prism, aae, bbd, will 
be the twoEiTBEMiTiEs; itSLKNOTawillbethedistancefirom 
one extremity to the other, c tf ; ita breadth, the transverse 
diBtance from one foot to the other, a a ; and the bbioht will 
bo the vertical elevation of the ridge above the base, or above 
the level of the sea ; laattj, the direction wilt be indicated 
bf the points of the horizon toward which the cidge ia directed. 



Let UB now imagine, on each of the two declivities, deep 
iTTOoves descending from the ridge to the foot, Fig.b,ae,a e,a c- 
These grooves form the principal valletb, and divide the 
mass of the chain into several beanches or subordinate 
masses, bii,bd, running out nearly at right anglea, and dis- 
posed in a manner somewhat resembling that in which the 
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ribs are attached to the back-bone of a quadruped. Their 
ridge, bd,hd, gradually falls or diminishes in height from the 
ridge of the chain to its foot, and forms a secondary ridob ; 
its two sides are the declivities. If, on the declivities of 
this secondary chain, we imagine grooves running in a direc- 
tion similar to that of the first, they will give rise to shorter 
valleys, and will bifurcate the branches already existing by 
dividing them in their extreme part into two or more branches. 
The declivities of the two neighbouring branches, which form 
the walls of the same valley, unite at their lower part, in a 
more or less sinuous line, which occupies precisely the bot- 
tom of the valley, and is that in which the water runs, ac, ac. 
The grooves which have given rise to the valleys, when they 
end at the ridge, have, as it were, taken a portion out of it, 
so as to present a notch or gorge, a, a, a. Between two neigh- 
bouring gorges, the ridge, remaining of its original height, 
forms a protuberance or cime b, b, b, so that, viewed in its 
length, it presents an alternation of prominences and notches, 
4ib, abf db. The prominences, b, b, are the points whence pro- 
ceed two opposite branches, one on each slope; and the 
g'orges, a a, unite two opposite valleys. 

The secondary branches, bd,bd, are subdivided in the same 
manner by grooves running off at right angles from the ridge ; 
and sometimes the sub-division proceeds still farther. Moun- 
tain-chains, however, do not in nature present the regularity 
here assumed to render their general arrangement intelligible. 
The great chains of the Alps and Pyrenees manifest an ob- 
vious tendency to this mode of division ; but in our country, 
the small ranges of the Grrampians and other hills, although 
occasionally thus divided, are for the most part formed of 
ridges and valleys disposed in a very irregular, manner. 

30. Ridges of Mountain-chains. — The ridge of a chain, 
being the line at which its two declivities meet, forms the 
separation of the brooks which take their rise upon it, or the 
WATER-SHED. In Small chains, the ridge is generally narrow, 
but frequently it is of great breadth ; insomuch, that in the 
neighbourhood of Mexico the summit of the Cordilleras is 
occupied by a platform fifty leagues in extent. In r^;ular 
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chains, it sometimes extends pretty nearly in a line, but fre- 
quently forms numerous and often abrupt sinuosities. 

31. Slopes op Mountain-chains. — The declivities of 
mountain-chains vary from two to six degrees. That of the 
southern slope of the Alps from the central ridge to the Plains 
of Lombardy is 3| degrees, and that of the northern slope of 
the Pyrenees is from three to four degrees. It is very seldom 
that the two sides of a chain have the same inclination, one 
being generally shorter and more inclined than the other. 
Bergmann concluded that in chains of which the direction is 
from north to south, the western declivity is the most abrupt, 
and in those running east and west the southern slope. M. 
Andreossy remarks that whenever a mountain-chain occurs 
on a descending plane, the slope facing the upper part of the 
plane is the most abrupt. Saussure observed in the Alps, 
that ** the inner chains turn their back to the outer part of 
the Alps, and present their escarpment to the central chain," 
and that in mountains formed of inclined strata, the most 
gentle declivity is usually that in the direction of the inclW 
nation. He also observed that the mountains which surround 
the Lake of Geneva have their escarpment turned towards it. 
M. D^Aubuisson remarks that the Lakes of Constance, Lu- 
cerne, and Lake Major, present the same fact ; which is seen 
repeated by the chains bordering the Mediterranean; the 
mountains of Spain, the Pyrenees, the Cevennes, the Alps, 
the mountains of Greece, Asia Minor, Syria, and Mount 
Atlas, having a much more rapid declivity towards the sea 
than in the opposite direction, as had been observed by M. 
Bamond. M. Malte-Brun asserts that the land bordering the 
South Sea, from the Gape of Good Hope to Cape Horn, along 
the eastern ooast of Africa, the southern and eastern coast 
of Asia, and the western coast of America, has its steepest 
slopes seaward. Dr Traill, in his treatise on Physical Geo- 
graphy, repeats these observations, adding some others, and 
concludes his remarks thus : — *' The escarpment of the great 
chain of Africa, termed that of Lupata, which seems to be 
prolonged from the lofty mountains of Abyssinia to the south 
of the Mozambique Channel, would appear from the little we 
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have learned of its structure, to face the hasin of the Indian 
Ocean ; and we know that the steepest declivities of the west- 
ern Ghauts of India, are directed towards the same basin. 
The mighty spine of the American Continent, from the shores 
of the Arctic Frozen Ocean to the extremity of South Ame- 
rica, through a course of more than 8600 British miles, pre- 
sents a series of rugged precipices to the vast basin of the 
Pacific ; and, if we might indulge in one sweeping generali- 
sation, it would seem that the chains stretching from the 
Persian Gulf eastward through Thibet, and thence bending 
to the north-east through Mongolia and Northern China to 
Tscheoutskoinos on the Frozen Ocean, present their fronts to 
the Pacific Ocean." 

32. Valleys. — The primary or principal valleys of a 
mountain-chain are those which, commencing at the central 
ridge, run out nearly at right angles, being bounded on either 
side by a branchy which in like manner runs out from the central 
ridge. The valleys of one declivity being generally continuous 
with those of the other, having their junction at the depressions 
of the ridge, so that they run across the chain, these primary 
grooves are also named transverse valleys. They receive 
nearly at right angles the smaller valleys which intersect the 
branches, and these smaller valleys themselves are joined by 
others of inferior size, so that one of the primary valleys is 
composed of a multitude of subordinate hollows in connection 
with a deep elongated cavity intervening between two ranges 
of hills. In fact, a large valley may be compared to the stem 
of a tree, of which the branches represent the primary valleys, 
and the twigs those subordinate hollows which ramify among 
the hills, each generally giving passage to a stream of water. 
The bottom or water-line of the valley rises as we approach 
the main ridge, for the most part gently,until toward the extre- 
mity, when the ascent often becomes precipitous. Sometimes 
it here enlarges and assumes a circular form, as is exemplified 
by the valley of Anzasca, at the foot of Monte Rosa in the 
Alps, which is a nearly circular basin, two leagues in dia- 
meter, with walls rising vertically to a vast height. Hollows 
of this kind are not uncommon in the Highlands of Scotland, 
and are there named Corries. 
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Grreat valleys generally contract and enlarge at irregular 
intervals, owing to the encroachments of the mountains by 
which they are bounded. The valley of the Nile in Upper and 
Middle Egypt, according to M. Bosier^s, is a series of basins 
of this kind ; and Saussure has pointed out ^ye in the valley 
of the Rhone, from its commencement to Geneva., Notwith- 
standing these alternate enlargements and contractions, the 
sides of valleys usually present a remarkable parallelism, the 
projecting angles of one side usually corresponding with the 
retiring angles of the other. The direction of the valleys of 
a chain is in the line of greatest declivity of the plane on 
which they occur, or, as has already been said, nearly at right 
angles to the direction of the chain. But at the extremities 
of mountain chains, where the primary ridge descends, the 
valleys branch off in a divergent manner. 

Valleys are observed of all sizes, extending in length for 
many miles, and in breadth from half a mile to five or more. 
A level space of great breadth, separating two mountain- 
ranges, is not, however, properly speaking, a valley, but a 
plain. This may also be said of " circular valleys," such as 
that of Bohemia, 200 miles in diameter, and Cashmere, 90 
miles in diameter, which are rather plains surrounded by 
mountains. Yast plains traversed by great rivers, such as the 
Mississippi and Amazons, are also improperly named valleys, 
a term which ought to be restricted to narrow elongated de> 
pressions laterally bounded by mountains. 

33. Branches of Chains. — ^The transverse or lateral val- 
leys of mountain-chains are formed or bounded by the primary- 
branches or ridges of mountains, which come off from the cen- 
tral or main chain. The ridge of these branches descends as 
it recedes, but not uniformly, it being usually of great height 
for a considerable extent, and towards the end rapidly falling. 
Even at great distances from their commencement, mountains 
sometimes occur in a branch whose summits surpass in height 
those of the central ridge. Branches of a chain are some- 
times seen to run out beyond the foot of the chain, advancing 
far into the plain. When they run out into the sea and ter- 
minate abruptly, they form capes or promontories. Some- 
times, on the other hand, a branch falls short of the rest. 
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leaving, as it were, an empty space between two branches. 
If the sea bathes the foot of a chain, such a vacuity forms a 
^If. 

34. Summits of Mountain-Chains. — The cimes, or sum- 
mits of chains, or masses of mountains, are protuberances 
rising abruptly from the main ridge, or from the ridges of the 
branches. Although the most elevated points usually occur 
on the main ridge, they are sometimes situated at a consider- 
able distance from it. It is on the principal ridges, however, 
that almost all the very high mountains occur, such as Mont 
Blanc, Mont Cervin, and Mont Rose, in Europe ; Dhawala- 
giri, /aumatri, and Elburz, in Asia ; Illimani, Ghimborazo, 
and Gotopaxi, in America. These projecting summits pre- 
sent various forms, according to the mineralogical nature of 
the mountains, being rounded or conical in volcanic ranges, 
abrupt, turreted, or pointed in granitic ridges, and irregularly 
serrated in slaty rocks. These summits form the most ele- 
vated points of the earth's surface. In Europe, Mont Blanc, 
15,781 feet above the level of the sea ; in Africa, the moun- 
tains of Geesh, estimated at 15,000 feet ; in America., the 
Pico d'lllimani, 24,450 feet; and in Asia, Dhawala-giri, 
26,862 feet, are situated in the midst of mountain ranges. 
Tet many peaks, of great elevation, are perfectly insulated. 
For example, Mouna Boa in the Sandwich Islands, 16,020 
feet high, the Peak of Teneriffe, 12,236, and Mount JEtna, 
10,963 feet. 

35. Relations of Mountain-Chains to each other. — 
It is seldom that a mountain-chain is of the regular and iso- 
lated character above described, the masses of elevated 
ground being connected into vast systems, variously grouped 
and ramified. Thus, the Old Continent is traversed from east 
to west by a great band of mountain land. In Europe its 
central point is at St Gothard, whence the elevation declines 
in all directions ; northward, to Holland and the Baltic ; 
eastward, to the Black Sea ; westward, to the Atlantic Ocean ; 
and southward, to the Mediterranean. All these declivities 
are cut by the beds of rivers into chains or ridges, which evi- 
dently belong to the same system, that of the Alps. These 
chains are connected, directly or indirectly, by their main 
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ridge, with the central elevated region. Thns, Mount Jura 
is regarded by Saussure as subordinate to the Swiss Alps ; 
the Yosges are connected with Jura ; and the Ardennes with 
the Yosges. The Cevennes, forming, as it were, a stage to 
rise to the Alps, are thus subordinate to them. The series of 
chains which border the Danube to the north is connected with 
those to the south, which form the alpine system, properly so 
called, by the mountains of Upper Suabia, in the midst of which 
that river has its sources. The districts to which the various 
chains are thus united are the nuclei of the system ; and the 
great valleys which proceed from them, separate the chains, 
and give passage to the rivers, are of a higher order than those 
which break up the chains into branches. They are the 
LONGITUDINAL VALLEYS of Saussurc. Such, for example, 
are that of the Danube in the first order, and those of the 
Rhine and Rhone in the second. 

If we pass over to Asia, following the great elevated band, 
we find it towards the Himalayan Mountains, in Northern 
India, assuming a breadth and a height superior to those of 
any other part of the globe. All around this great platform 
the land gradually lowers ; northward, to the Frozen Sea ; 
eastward, to the Chinese Ocean ; southward, to the Indian 
Ocean ; and westward, to the Caspian Sea. These declivities 
are furrowed by rivers, the valleys of which intervene be- 
tween mountain ranges, cut up by secondary valleys into suV 
ordinate groups. 

36. Limits between the different Chains. — According 
to D^Aubuisson, mountain-chains are separated from each 
other in the following ways : — 1. By the interposition of seas. 
Thus, the extremity of the European Alps, or Mount Hse- 
mus, is separated from Caucasus by the Black Sea. 2. By 
the great or principal valleys, which commence at the nucleus 
of a system of mountains. Thus, the Cevennes are separated 
from the French Alps by the valley of the Rhone ; and the 
Yosges, from the Black Forest, by the valley of the Rhine. 
3. By plains interposed between the extremities or the sides 
of two chains. Thus, the Tyrolese Alps are separated from 
the Boehmerwald and the other mountains which surround 
Bohemia, by the plains of Bavaria. 4. By the interposition 
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of hills. The Vosgos are separated from Jura in this manner, 
as are the Pyrenees from the Cevennes. 5. By a transverse 
section of the central ridge of a chain, as the narrow passage 
by which the Bhone separates Jura from the French Alps, 
and the narrow defile by which the Danube issues from the 
Bonnat to enter Wallachia. 

37. Watbr-Coubses. — The waters deposited from the at- 
mosphere, being absorbed by the soil, penetrate into the fis- 
sures of rocks, and reappear at lower leyels in the form of 
sgprings ; or they pass along the surface or in the subjacent 
soil, and collect in the lower parts of valleys. These rills and 
brooks gradually enlarge. Those of several valleys unite, 
forming rivers, which themselves uniting constitute larger 
streams. The surface of continents and islands is thus 
grooved by the beds of rivers, each of which receives the wa- 
ters that fall in a certain extent of country bounded by ridges 
of chains or water-sheds, and of which the lowest part is that 
at which the river joins the sea. In proportion as the land 
recedes from the mouth and sides of the river, it gradually 
rises, until we reach the sources of the small lills near the 
ridges of the mountains, hills, or rising grounds. Beyond 
these ridges, the land lowers, and the waters that flow on 
these new declivities go to other rivers ; so that the district 
of a river is surrounded, and separated from those of other 
rivers, by a series of ridges. Such a cavity is named a basin. 
A continent thus divided and subdivided into basins of rivers, 
with their subordinate branches, would, as D'Abuisson re- 
marks, present the most natural division ; and political 
boundaries are better designated by mountain-ridges than by 
rivers. 

38. Basins of Lakes. — In their course toward the sea, 
the waters sometimes meeting with depressions of the surface 
deeper than the general slope of the water-line of valleys, ac- 
cumulate there so as to form lakes. Basins of this sort, ge- 
nerally of small extent, are common in mountainous regions, 
often very near the central ridges of chains. In such situa- 
tions they are frequently seen in the Alps, and in the small 
mountain-ranges of Scotland and England. Many of those ca- 
vities which are now dry, have formerly been filled with water, 
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as is indicated by the smoothness of the bottom, or by the re- 
mains of beaches left on their sides, the waters having escaped 
by bursting the lower barrier, or by means of fissures formed 
by earthquakes. Lakes of larger extent are seen in valleys, 
in the course of rivers ; and even beyond the limits of moun- 
tain-ranges, rivers sometimes pass through or unite lakes of 
various dimensions. The great lakes of North America, si- 
tuated in a nearly flat country, are of this nature. Several 
lakes of great extent, such as Lake Aral, the Caspian Sea, 
and the Dead Sea, have no communication with the ocean, 
but form independent basins, receiving rivers, the waters 
added by which are removed by evaporation. While many 
parts of the earth are abundantly supplied with lakes^ there 
are vast districts, such as South America, in which scarcely 
any are met with. 

39. Water op Springs, Rivers, and Lakes. — ^Water 
in the natural state is never perfectly pure, being mixed 
with air and various saline matters. Even when collected 
as it falls from the atmosphere, it is more or less im- 
pregnated with these substances, and after having filtered 
through the soil and Tocks, it is often found to contain a large 
proportion. The salts usually dissolved in water are mu- 
riates of soda and lime, sulphates of soda, potash, lime, and 
magnesia, and carbonates of lime, soda, and iron. Many 
springs also contain great quantities of gas^ especially nitro- 
gen gas, mixed with some oxygen and carbonic acid. Vast 
quantities of water are difiused in the interior of the globe in 
the various strata^ and their interstices and cavities, whence 
they issue in the form of springs, tuid are sometimes ejected 
by volcanoes. Springs issuing from crystalline or sandy rocks 
are generally limpid and pure ; but such as traverse deposits 
of limestone or gypsum, usually hold in solution carbonate and 
sulphate of lime, which renders them disagreeable for drink- 
ing, and unfit for domestic uses. When springs that have 
traversed rocks or other deposits containing soluble matter, 
are much impregnated with salts, they are named mineral 
waters ; and those which issue of a higher temperature than 
the ground, are called thermal waters or hot springs. It is 
remarkable that some hot springs contain silica in solution, 
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although that substance is not soluble by any means that we 
can employ. Many springs contain petroleum and other bi- 
tuminous matters, which in India are obtained by sinking 
wells into the strata. 

The water of rivers is also charged, especially in time of 
floods, with great quantities of earthy matter, which is after- 
wards deposited in the form of mud and sand. It has been 
estimated that the waters of the Nile contain one part in 
bulk of mud in every 132 parts ; those of the Rhine one part 
in 100 ; and those of the Yellow River in China, one in 200. 
It may, therefore, easily be conceived what vast accessions to 
the soil, towards the mouths of rivers, are made by the depo- 
sits which they leave after floods. 

Standing water is usually imxnregnated with various saline 
substances, as well as matters derived from the decomposi- 
tion of animal and vegetable substances. Lake water in 
cold or temperate countries is often clear and well adapted 
for culinary and other domestic purposes ; but in warm cli- 
mates, where vegetation is rank, it is impregnated with de- 
composed vegetable matters, and is seldom sufliciently pure 
to be so employed. Many lakes have their waters extremely 
saline, and in some salt is obtained in great quantity when 
the waters have been evaporated by the sununer heat. The 
Caspian Sea and the Sea of Aral are great salt lakes, which 
probably have at one time communicated with the Euxine ; 
and the water of the Dead Sea contains 24^ per cent, of mu- 
riates of lime, magnesia, and soda, with a little sulphate of 
lime. 



Recapitulation. 

23. How is the land divided 1 In which of the hemi- 
spheres does it preponderate 1 In what direction do the 
mountain-chains or masses of elevated land extend 1 — 24. 
Give a general account of the inequalities of the surface. — 
25. Are plains perfectly level 1 Distinguish between plains 
and table-lands. Give an account of the great plains of Eu- 
rope and northern Asia, the African Desert, those of Asia, 
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and South and North America. — 26. Mention some of the 
principal table-lands. — 27. What is the nature of hilly 
ground 1 — ^28. Define a mountain. What are its parts 1 At 
what degree are declivities of impracticable ascent to ani- 
mals and men 1 Mention some of the varieties of mountains. 
What is an escarpment or cliff! Are mountains usually 
single or isolated % — 29. Give a general account of a mass 
or chain of mountains. Describe the principal valleys and 
branches, with their prominences and depressions. What is 
the nature of the main-ridge 1 Are mountain-chains often 
arranged in this regular manner 1 — 30. Describe more parti- 
cularly the main-ridge, stating its breadth and continuity. — 
31. Are the general slopes of mountain-chains very rapid 1 
Are they often nearly equal 1 In what direction are the es- 
carpments or abrupt surfaces ! State some facts relative to 
the disposition of mountain-slopes around lakes, seas and the 
ocean. — 32. Describe the principal or transverse valleys. 
Why may a large valley be compared to a tree 1 What is 
the nature of the water-line 1 How do valleys usually termi- 
nate on the main-ridge t Are great valleys generally of uni- 
form breadth 1 What is their direction 1 Do they vary much 
in extent 1 What is the difference between valleys and plains t 
33. Describe particularly the branches of mountain-chains, 
their comparative elevation, and extent % — 34. Give an ac- 
count of the summits of chains. Are the highest points of 
the globe situated on the ridges of chains ! What are their 
forms 1 What are the most elevated summits of Europe, 
Africa, America, and Asia 1 Are very elevated mountains 
ever isolated! — 35. How are mountain-chains connected! 
Describe the great mountain-masses of Europe and Asia. — 
36. In what manner are mountain-chains separated! — 37. 
What is the nature of water-courses ! Describe the basin or 
valley of a great river. — 38. What is the nature of lakes ! 
Where are they usually met with ! — ^39. Is water often pur© 
in the natural state ! What are the salts usually dissolved 
in it! What is the nature of springs ! With what substances 
is the water of rivers and lakes charged ! 
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MATERIALS OF THE GLOBE ; SIMPLE OR ELEMENTARY SUB- 
STANCES ; MOBS COMMON ELEMENTABY SUBSTANCES, VIZ. 

OXYGEN, HYDROGEN, CHLORINE, &C. CHARACTERS OF 

MINERALS, MOST ABUNDANT SIMPLE MINERALS! QUARTZ, 

FELSPAR, MICA, TALC, &C. MORE COMMON ROCKS : QUARTZ* 

OSB ROCKS, FELSPATHIC ROCKS, MICACEOUS ROCKS, TALCOSE 
ROCKS, HORNBLENDIG ROCKS, AUGITIC ROCKS, ARGILLACE- 
OUS ROCKS, CALCAREOUS ROCKS, CARBONIFEROUS ROCKS. 

40. Materials of the Globe. — Were we to inquire of a 
person who had not particulaxly directed his attention to the 
subject, of what materials the earth is composed, he might 
reply that soil, sand, gravel, and stone or rock of various 
kinds, constitute its component parts. This answer, although 
correct, affords too vague an idea, and nothing less than a 
very minute scrutiny will enable us to acquire a satisfactory 
acquaintance with the materials in question. Of the compo- 
sition of the interior of the globe we have no means of ob- 
taining any information, our observation being confined to 
the thin external layer technically named its Crust. In it 
we discover so great a diversity in the form, colour, texture, 
and hardness of the different parts, that at first we might be 
apt to consider the task which we had undertaken one of 
peculiar difficulty ; but all these substances may be reduced 
to a few simple elements. 

41. Simple Substances. — Those substances which, never 
having been decomposed, are assumed as simple, or elemen- 
tary, amount to fifty-four. Of these, five are gaseous : hydro- 
gen, oxygen, nitrogen, chlorine, and fluorine ; five are volatile 
non-metallic substances : bromine, iodine, sulphur, phospho- 
rus, and selenium ; two are fixed or unvolatile non-metallic 
bodies : carbon and boron. Of the remaining substances, 
which are metallic, seven are earthy metals, which, com- 
bined with oxygen, produce the earths : silicium, aluminum, 
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magnesium, yttrium, glucinum, zirconium, and thorium ; six 
are alkaline metals, which, combined with oxygen, yield 
alkalies : potassium, sodium, lithium, calcium, barium, and 
strontium ; fifteen are metals which retain oxygen at high 
temperatures: lead, tellurium, copper, bismuth, titanium, 
cobalt, cerium, uranium, antimony, columbium, tungsten, 
chromium, vanadium, molybdenum, and arsenic; nine are 
metals, which give out oxygen at high temperatures ; mer- 
cury, silver, gold, platinum, palladium, rhodium, iridium, 
osmium, and nickel ; and five absorb and retain oxygen at 
high temperatures : tin, iron, zinc, cadmium, and manganese. 
The most abundant of these elementary substances are oxy- 
gen, which forms more than half the ponderable matter of the 
globe, hydrogen, chlorine, sulphur, phosphorus, carbon, sili- 
cium, aluminum, calcium, sodium, potassium, magnesium, iron, 
and manganese. For a full account of the properties of these 
substances the reader is referred to elementary works on che- 
mistry. / N rx 

42. Moke common Elementary Substances. — (1.) Oxy- 
gen : A gaseous, transparent, colourless, inodorous substance, 
which, itself uninflammable, brilliantly supports combustion ; 
the most abundant of the elements, forming more than half 
of the globe, existing in air, water, most earthy substances, 
and in nearly all the products of the animal and vegetable 

kingdoms. 

(2.) Hydrogen : A gaseous, transparent, colourless, sub- 
stance, the lightest known, does not support combustion ; 
forms one-ninth of the water of the globe, and occurs in al- 
most all animal and vegetable substances. 

(3.) Chlorine : A gaseous, transparent, greenish-yellow 
substance, having a pungent, suffocating odour, uninflamma- 
ble, but supporting combustion, destructive of animal and 
vegetable colouring matter. 

(4.) Sulphur : A solid, brittle, yellow, inflammable sub- 
stance, combining readily with numerous inflammable bodies 
and metals, melting at 216°, subliming at 600° ; an abundant 
product of volcanoes. Combined with oxygen so as to form 
sulphuric acid, it unites with lime, and forms gypsum. 

(6.) Phosphorus : A solid, semitransparent, colourless sub- 
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stance, undergoing slow combustion at ordinary temperatures ; 
burning brilliantly in air. Combined with lime, is a principal 
constituent of bones, and is found in some kinds of limestone. 
(6.) Carbon, in its purest state, forms the diamond, when 
it is transparent, colourless, or of various tints ; in its ordi- 
nary form, is charcoal, a solid, black, porous, brittle sub- 
stance, inflammable, producing carbonic acid gas when heat- 
ed in air or oxygen, absorbs large quantities of gases, is in- 
soluble in water, destroys animal and vegetable colouring 
matters, as well as the offensive taste and smell of putrid 
substances ; enters into the composition of all animal and ve- 
getable substtnces, as well as of many slaty rocks, to which 
it gives a dark colour ; in the form of coal, occurs in exten- 
sive beds ; united with oxygen, forms carbonic acid, which, 
combined and solidified, forms more than two-fifths of all 
limestone rocks. 

(7.) SiLiciuM : a dark-brown, inflammable substance, with- 
out metallic lustre. Its acid, or silica, which is hard, inso- 
luble, insipid, inodorous, and infusible, exists nearly pure in 
large masses, forming rock crystal, quartz-rock, and flint, 
communicates great hardness to rocks, of which it constitutes 
a large proportion, and renders them infusible. It is very 
abundant in the mineral kingdom. 

(8.) Aluminum : a metallic substance resembling platinum. 
Its oxide, or alumina, is white, tasteless, inodorous, insoluble 
in water, but uniting with it, so as to form hydrates ; is found 
nearly pure in the sapphire and ruby ; is extensively distri- 
buted in the mineral kingdom, existing in all kinds of clay, 
and forming an ingredient in many slaty rocks. 

(9.) Calcium : a white metallic substance, oxidated by being 
heated in the air, and forming lime, which, combined with 
carbonic acid, forms limestone and chalk, and with sulphuric 
acid, forms gypsum. 

(10.) Sodium: a metallic substance, soft and malleable at 
32°, fused at 200°, volatilized at a red heat. Chloride of so- 
dium is found in great abundance, being a principal ingre- 
dient in the waters of the ocean, and forming masses of rock- 
salt. 
(1 1.) Potassium : a metallic substance, white, with brilliant 
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lustre, like mercury, hard and brittle at 32°, soft and malle- 
able at 50°, fluid at 150° ; volatilized below red heat. Nitrate 
of potassa, or common nitre, is procured from the soil in 
warm climates ; and oxide of potassium occurs in various 
minerals. 

(12.) Magnesium : a metallic substance, resembling silver, 
fusing at a red heat, and then, on burning in air or oxygen, pro- 
ducing magnesia, or oxide of magnesium, which is white, in- 
odorous, and forms an ingredient in many rocks, to which it 
usually communicates a soapy feel. 

(13.) Iron : the most abundant of the true metals, has a 
grey colour, a tenacity exceeding that of all the other metals ; 
is malleable and ductile ; occurs in the form of oxides and 
clay iron-ore, which is an oxide united with carbonic acid, 
alumina, and silica ; is also plentiful as a sulphuret ; consti- 
tutes an ingredient in graphite ; and forms a constituent part 
of many rocks, which most frequently owe their colour to it. 

(14.) Manganese : a metal similar to iron, brittle, and with 
difficulty fused, occurs in the state of oxide in some rocks^ to 
which it generally gives a purplish-red colour. 

43. Most abundant Simple Minerals. — The masses of 
solid matter of which the crust of the globe is composed, 
are resolvable into certain mineral substances,- which, al- 
though compounds in a chemical point of view, are mineralogi- 
cally considered as simple. Of these substances, uniform 
and homogeneous in their mass, and thus viewed as simple 
MINERALS, a small number only enter into the composition of 
the great masses, or rocks, which form the proper subject of 
examination of the geologist. In order to render himself ac- 
quainted with these, it will be necessary that the student ob- 
tain good specimens of about twenty-five minerals, the ex- 
pense of which needs not exceed four or five pounds. 

44. Distinction between minerals and Rocks. — '' The 
knowledge of minerals in their simple state," says Dr Mac- 
Culloch, ** is an indispensable requisite in the investigation of 
rocks. It is also necessary that this knowledge should not 
be limited to mere experience respecting the aspect of such 
minerals in their most simple and perfect forms. The student 
must be able to recognise them by their essential characters, 
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even when under their most irregular modifications ; often, 
when very minute, or when intermixed and confounded with 
others, or when obscured by unexperienced variations of 
colour.'' To understand the short descriptions about to be 
given of the most important simple minerals that enter into 
the composition of the strata and masses of rock that compose 
the crust of the globe, it may be of advantage to attend to a 
few preparatory explanations. By a simple mineral is un- 
derstood a homogeneous substance, whether simple in an ele- 
mentary point of view or not, which presents itself in certain 
definite forms, and has a texture, mode of breaking, and other 
physical properties, such as hardness and colour, by which it 
may be distinguished from other substances. The science 
which treats of these bodies is named mineralogy, and by 
some Oryctognosy ; while to geology belongs, among other 
subjects, the consideration of their aggregation into rocks. 
A BOCK, in the geological sense, is a mass of mineral matter 
of sufficient extent to be considered an essential portion of 
the solid part of the globe. It does not mean, as in common 
language, an abrupt or perpendicular stony surface, for it may 
be horizontal or perpendicular or inclined, concealed from 
view beneath the surface, or rendered apparent by being ele- 
vated in a mountain or cliff. It is merely a great body of stony 
or earthy matter of any form or in any position. Nay, even great 
hardness or tenacity is not essential to the definition, for a 
bed of clay, gravel, or sand, is, in this sense, as much a rock, 
as one of granite, marble, or slate. 

46. Qualities of Mineral^. — ^In describing Simple Mi- 
nerals, or the substances of which rocks are composed, refe- 
rence is made to their physical and chemical properties. The 
FORM affords one of the most important characters, and is 
often of itself sufficient to distinguish the species. When a 
mineral assumes a particular symmetxical form, such as that 
of a cube or prism, it is said to be crystallized, and the indi- 
vidual pieces of regular form are named crystals. Amor- 
phous minerals are those which do not assume a definite 
form. The hardness, or resistance which a mineral opposes 
to the separation of its parts, is measured by scratching one 
substance with another. Thus, gypsum is scratched by cal- 

D 
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careous spar, the latter by quartz, which in its turn yields to 
diamond. The solidity has reference to the tenacity, or 
the resistance opposed to mechanical force tending to break 
it, the FRAGILITY to the ease with which it may be fractured, 
the FRIABILITY, to an imperfect state of aggregation, rendering 
it easily divisible into a multitude of grains, and the flexi- 
bility and ELASTICITY denote qualities not requiring to be 
defined. When a mineral substance is broken, by the blow 
of a hammer for example, the surface exposed, or fbactuke, 
may be even, or splintery, or scaly, or conchoidal, that is, con- 
cave like a shell. Viewed with reference to light, a mineral 
may be transparent, when it allows enough of light to pass 
through to enable one clearly to distinguish a body placed 
behind it ; translucent, when it cannot be seen through, 
although it admits light ; opaque, when, even if cut very 
thin, it does not transmit light. The lustre, or the degree in 
which the surface reflects the light, is various : glimmering, 
glassy, pearly, resinous, silky, metallic The texture may 
be regular or irregular ; lamellar, when it presents the ap- 
pearance of thin plates ; fibrous, as if composed of threads or 
small cylinders ; radiating, when the fibres converge toward 
a point. These explanations will suffice for our purpose ; and 
the student who is desirous of more extended information, 
will find it in most systems and manuals of mineralogy. 

Simple Minerals of most frequent occurrence. 

46. Quartz. — Among the most abundant of the simple 
minerals that enter into the composition of rocks is Quartz, a 
substance so hard as to give sparks with steel, scratch glass, 
and break into sharp-edged fragments, having conchoidal or 
splintery surfaces. Its lustre is glassy; its transparency, 
often perfect, varies ; it emits a phosphorescent light and pe- 
culiar odour when two pieces are rubbed together ; is infusible 
when not mixed, but with alkalies melts into glass ; is not 
acted upon by any other acid than the fluoric ; and presents 
itself in various forms. Common quartz may be crystallized 
in six-sided prisms, or it may be amorphous ; its colours, 
white, grey, brown, red, blue, or black ; its lustre, shining or 
glassy. It is less transparent than rock-crystal, which gene- 
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rally occurs in six-sided prisms terminated hy six-sided pyra- 
mids, or two six-sided pyramids united, or prisms variously 
terminated, and is hyaline, white, yellow, red, or brown. 
Amethyst presents the same forms, but is distinguished by 
its blue or purple tints. A translucent variety, of a roseate 
or bluish- white tint, is named Bose Quartz ; another, opaque 
and black, is Lydian stone. Homstone, Flinty-slate, Flint, 
Obsidian, Calcedony, Jasper, and Agate, with many other va- 
rieties, belong to this kind of mineral, which is very exten- 
sively distributed in nature, constituting an ingredient in 
many species of rock, and in an unmixed state forming beds 
and veins. It is of importance to obtain a knowledge of all 
the varieties of this substance, which presents itself under so 
many aspects, that the student often finds it difficult to dis- 
tinguish them in nature. Their great hardness, which turns 
the edge of a knife, and their more or less glassy lustre, will 
generally aid in recognising them. Quartz of all varieties is 
composed of silica or oxide of silicium, with a variable pro- 
portion of alumina, which is more abundant in jasper and 
obsidian than in the purer transparent varieties. 

47. Felspar. — This substance presents itself in two prin- 
cipal forms, Common Felspar, and Glassy Felspar. The for- 
mer is a very abundant mineral, entering largely into the 
composition of many rocks. It is somewhat less hard than 
quartz, so that it may be with difficulty scratched with a 
knife, and is more easily broken, presenting a laminar struc- 
ture, with « glistening lustre, an uneven or splintery surface, 
rhomboidal fragments, and translucent edges. It is usually 
massive, but sometimes crystallized in the form of an oblique 
ox rectangular four-sided prism, flatly bevelled on the extre- 
mities, or a broad six-sided prism. The colours are white, 
grey, yellowish or reddish-white,' lightred, sometimes greenish. 
It is composed of silica, alumina, and lime, with a little iron, 
and some potash ; but some varieties have soda in place of po- 
tash. It is fusible without the addition of an alkali, and forms 
glass. The variety called Glassy Felspar, which is crystallized 
in rectangular four-sided prisms, of a white colour, with 
glassy lustre, and transparent, occurs in several kinds of rock. 
Compact Felspar, or that in which the individual crystals are 
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80 minute as to present a compact or somewhat granular ap- 
pearance, is stated hj Dr MacGulloch to contain both soda 
and potash, for which reason he considers it entitled to a se- 
parate consideration. It is of various colours, and exists 
either simple, or forming a constituent of many compound 
rocks. A variety, called Clinkstone, also forms rocks, either 
by itself, or in combination. Disintegrated by the action of 
the weather, and having lost its alkali, felspar forms the sab- 
stance called Kaolin or Porcelain-clay. 

48. Mica. — The mineral which naturally comes next in 
order, on account of its being frequently associated with the 
former two in the composition of rocks, is one which the stu- 
dent having once examined, can never be at a loss to recog- 
nise. In its usual form it consists of extremely thin laminse, 
easily separable by introducing the edge of a knife between 
them, elastic, transparent, with shining lustre, and readily 
scratched by the knife. When in thick plates, its colours are 
white, grey, pink, brown, and black. It occurs crystallized 
in six-sided prisms, and with the blowpipe is melted into a 
glass. This substance is abundant in a certain class of rocks, 
some of which are granular or crystalline, and others slaty. 

49. Talc. — Although laminated like mica>, and often simi- 
lar in colour, Talc is easily distinguished by being much softer, 
and, although flexible, not elastic. It feels as if greasy to the 
fingers, is sectile, translucent, splendent or shining, with a 
pearly lustre ; its colours usually greenish-white or silvery. 
Talc is much less abundant than mica, but occurs in the same 
manner. 

50. Chlorite. — This substance, so named on account of 
its green colour, is allied in characters to talc and mica. It 
occurs massive or amorphous, sometimes crystallized in 
oblique four-sided prisms, or irregular six-sided tables ; is 
sectile, opaque, translucent on the edges, harder than talc, 
somewhat greasy to the touch, rather easily frangible, and of 
various shades of green, from dark to light-greyish. It oc- 
curs dispersed in rocks, or forms beds of itself. 

51. Green Earth. — This is apparently an earthy or gra- 
nular variety of chlorite, which occurs massive, dispersed in 
rocks, or inclosed in some simple minerals, as rock-crystal. 
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and often in the globular cavities of certain rocks. It has a 
doll earthy fracture^ is opaque, feels somewhat greasy, and 
like chlorite, talc, and mica, is composed chiefly of silica, 
alumina, magnesia, and oxide of iron. 

52. HoBNBLENDE. — Amphibolo or Hornblende is a mi- 
neral of a black or dark green colour, less hard than felspar, 
easily scratched with a knife, affording a light green streak, 
rather brittle, opaque, or translucent only on the edges, hav- 
ing a granular uneven fracture, and yielding a bitter clayey 
smell when breathed upon. It is chiefly composed of silica, alu- 
mina, lime, and oxide of iron, and melts under the blowpipe 
into a greyish-black glass. It occurs crystallized in oblique, 
four-sided prisms. Hornblende, besides being an ingredient 
in compound rocks, forms beds, or even whole mountains. 

53. AcTiNOLiTE. — This substance, which is nearly allied 
to Hornblende, is generally of a lighter green, and occurs 
massive, or in divergent slender crystals, often confusedly ar- 
ranged. It varies from opaque to translucent, is brittle, easily 
frangible, with uneven or splintery fracture, glistening or 
shining. Less common than hornblende, it occurs in rocks 
of the same nature, but seldom forms masses of great extent. 

54. AsBESTus. — Some varieties of actinolite indicate a 
transition to Asbestus, a fibrous substance, composed of very 
long filiform crystals, which, when very delicate, are flexible. 
It is of various colours, white, grey, brownish, or green ; ge- 
nerally rather brittle, dif&cultly frangible, glistening, with a 
pearly or silky lustre, and disposed in parallel or divergent 
fibres. It is usually associated with a substance named Ser- 
pentine, or is found in connection with actinolite or horn- 
blende ; but is not abundant. 

65. Sebfentine. — This substance, which forms beds or 
irregular masses, is compact, or somewhat fibrous, easily fran- 
gible, readily yields to the knife, has a greasy feel, a conchoi- 
dal or splintery fracture, dull or glistening, opaque or trans- 
lucent on the edges, green of various tints, often interspersed 
with yellowish, brown, red, or grey dots and patches. 

56. Steatite. — Soapstone or Steatite, which is allied to 
serpentine and talc, obtains its name from its greasy or soapy 
feel. Its colours are white, red, or yellow ; its fracture splin- 
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teiy, or granular ; its surface dull ; its fragments angular, and 
translucent on the edges. It may easily be cut with a knife, 
or, like talc, is even so soft as to yield to the nail. This sub- 
stance is remarkable for leaving a trace on glass. 

57. AuoiTB. — ^Yery similar to hornblende, with which it 
has often been confounded, Augite or Pyroxene is a mineral of 
a black or dark green colour, crystallized in six-sided prisms, 
bevelled on the extremities, with a conchoidal or uneven frac- 
ture, and opaque, but translucent on the edges. It occurs as a 
constituent of rocks of the igneous series, or those supposed to 
owe their origin to the action of the earth's internal heat, such 
as basalt and lava, in which the crystals are often perfect. 

58. Hypersthenb. — Of a greenish-black colour, with glis- 
tening and pearly lustre, easily frangible, with angular frag- 
ments and uneven fracture, this substance occurs in masses, 
or dispersed in rocks, but is not common. It is composed of 
silica, oxide of iron, magnesia, and a little alumina, and when 
polished has a red colour with metallic lustre. 

59. DiALLAOE. — ^Nearly allied to hypersthene, having a 
glistening, pearly lustre, and a green or brownish colour, 
brittle, with angular fragments, translucent on the edges, and 
composed of silica, alumina, lime, magnesia and oxides of 
iron, copper, and chrome, this substance is not common, but 
when polished is much valued as an ornamental stone. 

60. ScHOBL. — This mineral, which generally occurs crys- 
tallized in prisms having three, six, or nine sides, often im- 
perfect and confusedly aggregated or dispersed in quarts or 
other substances, is of a pure black colour, with a shining or 
glassy lustre, and an irregular, somewhat conchoidal fracture. 
It is brittle, easily frangible, somewhat harder than quartz, 
and by friction shews signs of electricity. It is chiefly com- 
posed of silica, alumina, and oxide of iron. 

61. Calcareous Spar. — Carbonate of Lime when crystal- 
lized is named Calcareous Spar, when aggregated in imperfect 
crystals Granular or Crystalline Limestone, when of a more 
minutely granular texture Compact Limestone, and when less 
hard, with an earthy appearance, Chalk. It crystallizes in num- 
berless forms, rhomboidal, pyramidal, and prismatic, in which 
state it varies in colour from white to grey, red, blue, yellow. 
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brown, and blackish^ is easily scratched with a knife, effervesces 
with acids, refracts double, breaks easily into rhomboidal or 
angular fragments, and has a shining glassy lustre. In this 
crystalline state it occurs abundantly in veins. Aggregated in 
the form of crystalline limestone, it forms rocks, and presents 
almost every variety of colour. Of this kind are the most orna- 
mental marbles. Compact limestone has the same properties, 
but is duller. Both kinds are burnt into lime, the action of 
heat expelling their carbonic acid. Chalk, which is gene- 
rally white, but sometimes yellowish, red, or grey, is also a 
carbonate of lime, but dull, opaque, earthy, soft, and leaving its 
streak or powder on any substance harder than itself. All these 
substances are composed chiefly of lime and carbonic acid. 
It is of importance to examine many varieties of limestone, as 
it presents numerous modiflcations in colour and texture. 

62. Gypsum. — Lime combined with sulphuric acid exhi- 
bits various appearances. It may be crystallized in prisms 
or tables, when it is named Selenite. In this state it is 
white, grey, yellow, or brown, shining, very easily frangible, 
so soft as to be scratched by the nail, and refracting double. 
It also occurs granular, opaque, or translucent, with glimmer- 
ing lustre ; or compact, dull, with splintery fracture ; or 
fibrous, shining, and translucent. Some varieties might seem 
to the beginner to resemble talc or mica ; but it is always dis- 
tinguishable by its softness, and other characters. It is of this 
substance that stucco, or plaster-of-Paris, is made. 

63. Dolomite. — Carbonate of lime and carbonate of mag- 
nesia are the principal components-of this substance, which is 
granular, columnar, or compact, and of various tints from pure 
white to grey and brown. It effervesces very feebly with 
acids, and may thus be distinguished from carbonate of lime. 

64. Bock-Salt. — This substance, composed of chloride of 
soda, with a small proportion of sulphate of lime and muriates 
of lime and magnesia, presents various appearances, as to 
form, texture, lustre, and colour ; but is easily recognised by 
its taste, and other qualities, which are those of common salt. 

65. Bitumen. — Common Bitumen, or Mineral Pitch, is a 
substance of a brown or blackish colour, soft, opaque, sectile, 
glistening, with resinous lustre, and highly inflammable. 
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Petroleum and Naphtha, which ore of the same nature, are 
fluid. Amber is a resinous substance, of a yellow colour, 
transparent, brittle, inflammable, and probably a secretion 
from trees. 

66. Coal. — The common varieties of Goal are easily recog- 
nised, being hard, black, brittle, and laminated. Glance coal 
is of the same nature, with more lustre, and bums without 
flame or smoke. Brown coal is dull, fibrous or earthy, and is 
clearly composed of vegetable remains partially mineralized. 
Peat may be considered as forming one extremity of the se- 
ries, which ends with glance coal. 

67. Oxide of Iron. — Iron in various states is abundantly 
distributed in rocks, generally imparting a brown, reddish, or 
yellow tint. The forms which iron-ore assumes are very nu- 
merous. Sometimes it is fibrous, brown^ brittle, opaque, with 
somewhat resinous lustre, and yellowish streak, when it is 
named Brown Hematite, or Hydroxide of Iron. Red Hema- 
tite, or Peroxide of Iron, is of various colours, compact or 
fibrous, opaque, with a red streak. Magnetic iron-ore, or pro- 
toxide of iron, highly magnetic, black, shining, opaque, brittle, 
and hard. " The presence of iron," as Mr Bakewell observes, 
" not only increases the weight, and darkens the colour of 
numerous rocks and stones, but is one principal means of their 
decomposition, for iron exists in stones in two states of oxy- 
genation, as the black or the red oxide ; and when the former 
is exposed to air and moisture, it absorbs a greater portion of 
oxygen, and is converted into a brown ochrey incrustation, 
which peels off; and exposes a fresh surface of the stone to a 
similar process.'' 

68. MANGANESE.^-Oxide of manganese, chiefly of the grey 
kind, occurs massive, in nodules, dendritic, fibrous, granular, 
or crystallized in prisms, and generally communicates to rocks 
in which it is dispersed, a dull purplish-red colour. 

69. Gabnbt. — This substance, which, although it does not 
of itself form entire rocks, is yet so plentifully distributed in 
those of a certain series, that it may be included among the 
more common minerals, presents itself under various forms, 
but usually in that of a rhomboidal dodecahedron. Its co- 
lours are dark red, brownish-red, light red or pink, brown, 
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yellow, green, and black. It is hard, brittle, easily frangible, 
with a conchoidal fracture, and glassy or resinous lustre. 
Common Garnet is less hard, and less transparent than Pre- 
cious Garnet, which is often perfectly diaphanous. It is fre- 
quently so brittle as to be splintered with very slight effort. 
The usual manner in which Gardet occurs, is in small crys- 
tals dispersed through slaty and granitic rocks. 

Rocks to be first examined. 

70. MoBE Common Books. — When the beginner has ex- 
amined these substances, so as to be able to recognise them 
in most of their different states, he may proceed to inspect 
sx>ecimens of the masses of mineral matter, of which they 
form component parts. It is absolutely requisite that he 
should possess, or have access to, specimens; for it is in 
vain to attempt the acquisition of geological knowledge by 
mere reading. In examining simple minerals and rocks, a 
lens, a knife, a little nitric acid, and a small chipping ham- 
mer, will be found very useful. Having rendered himself 
familiar with the few minerals above briefly described, he 
will readily distinguish the following rocks, which are ar- 
ranged here, not in the order in which they occur in nature, 
but in that in which they may be most easily studied. Some 
rocks are of uniform texture, and composed of a single mine- 
ral species, while others are aggregates of two or more mine- 
rals. These circumstances might give rise to a division of 
rocks into simple and compound. The latter are of two 
kinds, AGOREGATED or conglomerated, that is, having their 
component parts crystalline and coherent, without the inter- 
vention of another substance, or evidently formed of frag- 
ments, generally in some degree worn or rounded, of minerals 
or rocks, cemented by a substance filling the vacuities. It 
will be better, on the present occasion, however, to arrange 
the rocks of which we have to speak, agreeably to their com- 
position, into Quartzose, Felspathic, Micaceous, Talcose, 
Homblendic, Augitic, Calcareous, Carbonaceous^ Saliferous, 
and Ferriferous ; adding those which are of a fragmentary 
or conglomerated nature. 
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71. QuARTZosE Rocks. — Those rocks of which quartz is the 
principal, or a very prominent ingredient, are the following : 

(1.) QuABTz-BocK. — Composed of qnartz, sometimes in- 
termixed with felspar. One kind of qnartz-rock is of a com- 
pact, somewhat foliated stmctnre, translucent, with imeven, 
splintery fracture, glassy lustre, and white or greyish colour. 
Another kind, more common, is granulated, glistening, trans- 
lucent on the edges, with uneven or conchoidal fracture, 
white, grey, reddish, or bluish, often containing felspar, some- 
times scales of mica, and frequently tinged red with iron. It 
passes into mica-slate by the increase of mica, and into sand- 
stone, by gradually becoming more granular. 

(2.) Jasper. — Opaque, close-grained, dull, or glistening, of 
various colours, red, yellow, brown, variegated, with conchoi- 
dal or uneven fracture. 

(3.) Flint. — Compact, yellowish, reddish, grey, or black, 
uniform, patched, or spotted, with conchoidal fracture, smooth, 
faintly glistening, having a homy aspect, the edges translu- 
cent, brittle, splintery. 

(4.) Flinty Slate or Lydian Stone. — Compact, of a mi- 
nutely granular splintery texture, tenacious, with conchoidal 
fracture ; sometimes slaty, with flat or even fracture, opaque, 
dull or slightly glimmering, grey or black, often veined with 
white quartz, harder than steel, and when polished, used as 
a touchstone for ascertaining the comparative purity of gold 
and silver. 

(5.) Obsidian, opaque, glassy, splendent, very brittle, easily 
frangible, with conchoidal, smooth fracture, translucent on 
the edges, the colour black, grey, greenish, or bluish. 

(6.) Pitchstone. — ^Very similar to obsidian, but less glassy, 
of various colours, black, brown, blue,. grey, or greenish, brittle, 
easily frangible, with splintery, uneven, or conchoidal frac- 
ture, slightly translucent on the edges. Often porphyritic, 
that is, having crystals (of felspar) interspersed. 

(7.) Pumice. — This substance, which, on account of its po- 
rosity, is so light as to float on water, is of the same nature 
as obsidian or pitchstone, but fibrous, vesicular, glistening, 
like threads of melted glass, and of a greyish, brownish, or 
whitish colour. 
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(8.) Sandstone. — Some sandstones are so close-grained, 
hardy and compact, as to resemble quartz. Others are more 
granular, but with little other matter than quartz in their com- 
position. Some again, having the grains larger, pass into con- 
glomerates. Common quartz-sandstone is white, grey, red, 
blackish, yellowish, or greenish ; white or grey when pure, 
yellow or red when impregnated with iron, green when mixed 
with green earth, black when having carbonaceous matter in- 
terspersed ; often glistening with scales of mica ; hard or softy 
opaque, brittle, easily broken, with conchoidal, imeven, gra- 
nular £racture. 

72. Felspathio Bocks. — The rocks of which felspar is 
the chief constituent are not less numerous nor extensively 
distributed than those composed of quartz. 

(1.) GsANiTE. — This rock is essentially composed of felspar 
quartz, and mica, and presents various appearances depend- 
ent upon the size and colour of the crystals of these sub-> 
stances. The felspar is generally the most abundant ingre- 
dient, and its laminated crystals or fragments, which are 
opaque and shining, vary in size from several inches to mi- 
nute grains^ and in colour from red or flesh-colour to white, 
grey, or blackish. The quartz is translucent, white, grey, or 
brown, and is easily distinguished by its hardness and glassy 
lustre. The mica, in plates of various sizes, is white, silvery, 
pink, red, brown, or black. The prevailing tint is determined 
by the colour of the felspar. Often there are distinct crystals 
of felspar imbedded in the granular mass, when the granite 
is said to be porphyritic. 

(2.) Syenite. — When in a crystalline or granular compound 
of felspar and quartz, hornblende is interspersed in place of 
mica, the rock is named Syenite. It is in reality merely a 
variety of granite, which frequently contains both mica and 
hornblende. Syenite is frequently porphyritic, like granite. 

(3.) Pbotooine. — This is a kind of granite, passing into 
gneiss, or having somewhat of a slaty structure, and in which 
the mica is substituted by talc, steatite, or chlorite, which 
often give it a greenish tinty and render it greasy to the 
touch. 

(4.) Euphotide ob Diallaoe Rock. — ^Felspar of a yel- 
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lowish or greenish-grey colour, with a lamellar structure, and 
approaching in tenacity to compact felspar, with interspersed 
crystalline or compact green or grey diallage. Often breaking 
equally in all directions, it resembles granite ; at other times 
fissile or laminar, it has more the appearance of gneiss. 
The general colour varies from light grey to dark grey, green, 
or brown. 

(5.) Gneiss. — In granite and syenite the felspar, quartz, 
and mica, or hornblende, are intermixed, so that the rock is of 
a uniformly aggregated structure, not splitting in one direction 
more readily than in another ; but in gneiss, which is composed 
of the same minerals, there is a distinctly laminated appear- 
ance, and the rock forms strata or layers ; so that gneiss may 
be defined laminated and stratified granite. It is in a man- 
ner intermediate between granite and mica-slate. Its colours 
are as variable as those of granite ; and the general tint de- 
pends chiefly upon that of the felspar, although the mica is 
generally more abundant than in granite. 

(6.) Compact Felspar. — Although felspar of the ordinary 
lamellar structure, occurs in masses, irregular beds, and veins, 
it seems scarcely entitled to rank as a distinct rock ; but in 
another form, it exists in vast quantity. In this state, or 
that of compact felspar, it presents the appearance of a homo- 
geneous mass, of compact texture, opaque, tough, with con- 
choidal, uneven, or scaly fracture, translucent on the edges ; 
of various colours, white, red, brown, and grey. 

(7.) Felspar Porphyry. — When in a mass of compact fel- 
spar, are dispersed crystals, generally of pure felspar, but also 
of hornblende, mica, or quartz, the rock is named Felspar-Por- 
phyry. 

(8.) Clinkstone. — A rock so named on account of the 
sharp noise which it emits when struck with the hammer ; 
so hard as not to be easily scratched with the knife ; its frac- 
ture splinty and conchoidal, the lustre glistening, the colours 
grey, green, or bluish, often with veins of jasper. 

(9.) Claystone. — Compact felspar, softer than usual, with 
an earthy aspect, conchoidal uneven fracture, and of various 
colours, yellowish, reddish, purplish, or brown. It is often 
porphyritic, containing crystals of felspar. 
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10. Trachyte. — A rock composed of earthy, whitish, or 
greyish felspar, porous, rough, frequently containing crystals 
of glassy felspar. It is of volcanic origin, and seems to pass 
into pumice. 

73. Micaceous Bocks. — The rocks of which mica is the 
principal ingredient, although extensively distributed, are not 
numerous. 

(1.) Mica-slate. — This rock, which is of a laminar struc- 
ture, and arranged in strata, is composed of mica and quartz, 
the former predominating, and disposed in scales or plates, 
the latter interposed in laminse. The colour of the mica, 
which varies from black to greyish-white, determines that of 
the rock. When the quartz predominates, it passes into 
quartz-rock, and when the scales of mica become extremely 
small, while the quartz diminishes in quantity, it passes into 
the next. 

(2.) Clay-slate. — Although this rock is named clay-slate, 
it appears to be mica-slate in a state of extreme division, the 
scales of mica having gradually become so attenuated as to 
give it a homogeneous, glistening appearance. It is of various 
tints of green, grey, yellow, purple, and blue, and often con- 
tains iron-pyrites or sulphuret of iron in cubical crystals, as 
mica-slate frequently contains garnet. 

74. Talcose Hocks. — Some of these rocks bear a great 
resemblance to the last, which is more especially the case 
with the first in order. 

(1 .) Chlorite-Slate. — A slaty rock of a light green colour, 
glistening or shining, rather soft, composed of scales or plates 
of chlorite, with laminse of quartz interposed. 

(2.) Talc-Slate. — Talc and quartz in laminse ; softer than 
the last, glistening; with an unctuous feel ', and of various 
colours, white, grey, or greenish. 

(3.) Serpentine. — The characters of this substance have 
already been given. It constitutes rocks of irregular form, 
which are often intermixed with steatite, chlorite, hydrate of 
magnesia, chromate of iron, asbestus, actinolite, diallage, and 
hornblende. It is often also intermixed with limestone. 

75. Hornblendic RocKS.-^Of this series there are only 
two principal kinds. 
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(1.) Hornblende-Slate. — A rock generally of a distinctly 
slaty structure, and composed of crystals of hornblende^ often 
intermixed with felspar. 

(2.) Actinolite-Slate. — ^When the variety of hornblende 
distinguished by the name of actinolite, which is generally of 
a lighter green, and formed of slender, radiating, or variously 
disposed crystals, with felspar and quartz in laminse, is the 
principal ingredient. 

76. AuoiTic Bocks. — ^Augite so closely resembles horn* 
blende, that these two substances have often been confound- 
ed. The former is a principal constituent of a class of rocks 
supposed to be of igneous formation. 

(1.) Gbbenstone. — Augite and common felspar inter- 
mixed, the crystals distinct, sometimes so large as to resemble 
granite. 

(2.) Basalt. — An intimate mixture of augite and felspar, 
of which the crystals are so minute that the rock appears of 
a homogeneous texture, and of a dark grey or blackish colour. 

(3.) Wacke. — An earthy, apparently homogeneous rock 
of a yellowish, greenish, or grey colour, usually with small 
interspersed crystals of augite. 

77. Aroillaceous Bocks. — ^Homogeneous soft substan- 
ces, composed chiefly of aluminous earth, or clay. 

(1.) Shale ob Slate-Clay. — Argillaceous matter, indu- 
rated with a slaty structure, and dull grey streak. Sulphnret 
of iron is often intermixed, which on decomposing allows the 
sulphuric acid to combine with the alumina, and then form 
alum. 

(2.) Bituminous Shale. — Slate-day with bituminous mat- 
ter intermixed, giving it a dark brown or blackish colour ; its 
structure slaty, the streak brown and shining. 

(3.) Clat. — ^Unctuous, soft, friable, of a dense homoge- 
neous texture, forming a tenacious paste with water, and of 
various colours, grey, yellowish, greenish, or reddish. 

(4.) Marl. — Clay mixed with lime ; soft, friable, not form- 
ing a tenacious paste with water ; grey, yellow, green, blue, 
red. 

78. Calcareous Bocks.— The numerous modifications 
presented by carbonate of lime, are highly interesting in a 
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geological, as well as in an economical, point of view. The 
principal kinds of limestone are the following. 

(1.) Crystallinb or Primitive Limestone. — Of a crys- 
talline texture, varying from large to fine-grained, tough, with 
an even or conchoidal fracture, translucent on the edges, and 
admitting of a fine polish. Like all the other limestones, this 
is readily scratched by the knife, and effervesces with acids. 
Its colours are various : pure white, grey, blue, green, yellow, 
or red. 

(2.) Compact or Secondary Limestone. — Of a compact 
texture, with the grain fine, easily frangiole, with a large con- 
choidal smooth fracture. Its colours are grey, yellow, green, 
blue, red, brown, or black, often clouded, striped, or veined. 
It frequently contains shells. 

(3.) Oolite Limestone. — Composed of grains varying from 
the smallest size to that of a pea, generally of an elliptical or 
roundish form. The colours are brown, yellow, white, or 
grey ; the fracture slaty or irregular, the lustre dull. 

(4.) Chalk. — Earthy or compact limestone, generally 
white, and friable, sometimes grey or reddish. 

(5.) Dolomite. — Composed of carbonate of lime and mag^ 
nesia, varying in texture from crystalline to compact ; in the 
former case generally pure white, in the latter yellowish or 
brown ; sometimes earthy and friable. The compact or brown 
kind is commonly called Magnesian Limestone. All the va- 
rieties effervesce feebly with acids. 

(6.) Gypsum. — Sulphate of lime. Texture granular or 
crystalline, very easily frangible, soft, white, grey, red, or 
brown. Forms beds and irregular masses, and furnishes 
plaster-of-Paris. 

79. Carboniferous Bocks. — The different kinds of coal 
belong to this division. 

(1.) Glance Coal. — ^With a high or semimetallic lustre, 
burning without flame or smoke, composed of carbon with 
silica and alumina. 

(2.) Common Coal. — Black, shining, slaty, or laminated ; 
burning with flame and brown smoke, and emitting a bitumi- 
nous smell. Numerous varieties occur. 
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(3.) Lignite. — Brown, dull, compact, or laminated, often 
woody, burning with flame and smoke. 

(4.) Peat. — Brown, earthy, or fibrous, chiefly composed of 
partially decayed vegetables, burning with flame and grey 
smoke, and emitting a pungent and somewhat fetid odour. 

80. Ferriferous Books. — Of the diflerent varieties of 
iron-ore there are few that form rocks, properly so called, al- 
though that substance is very abundantly distributed. 

(1.) Clay Iron -Ore. — By far the most plentiful of the 
ores or substances from which iron is obtained. Of an earthy 
aspect, with even or conchoidal fracture, yellow streak or 
powder, dull colours, yellowish, brown, reddish, or grey. 

(2.) Iron-Pyrites. — Brass-yellow or greenish-yellow, com- 
pact or fibrous, emitting a sulphurous smell when struck; 
granulated, or even earthy, when impure. 

81. — ^Fragmentary Bocks. — Aggregated or Fragmentary 
Bocks are formed of fragments of other rocks, generally of 
sufficient size to enable one to distinguish the diflerent kinds. 
When the fragments are very small, they form sandstones 
and TUFAS ; when large and rounded, they constitute con- 
glomerates ; when large and angular, breccia. In these 
rocks the particles or fragments are usually cemented toge- 
ther by a substance filling up their interstices. 

(1.) Sandstone. — Already described among the quartzose 
rocks. The particles of quartz are sometimes so large that 
the aggregated structure becomes very distinct. When the 
cementing substance is quartz, the rock is very hard and du- 
rable ; when clay or ferruginous matter is in great quantity, 
it is friable, and easily disintegrated. 

(2.) Greywacke. — ^Fragments of quartz, felspar, slate, 
and other substances, generally angular, and firmly cemented 
by a paste of the same nature. When the grains are very 
small, it passes into clay-slate or sandstone. 

(3.) Volcanic Breccia. — Angular and rounded fragments 
of volcanic rocks, cemented. 

(4.) Conglomerate. — ^Bounded fragments of quartz and 
other hard rocks, cemented by clay or sand with fexruginous 
matter. 
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(5.) Trap-Tufa or Conglomerate. — ^Rounded fragments 
of greenstone^ basalt> and other trap-rocks, cemented by ma- 
terials of the same description. 

82. Organic Kemains. — The inspection of these sub- 
stances will enable the student to distinguish at sight the 
principal materials which enter into the composition of the 
globe, and prepare him for the more extended examination 
of the different rocks. But previous to this, another subject 
of great importance must occupy his attention. In all the 
rocks which are disposed in strata or layers, with the excep- 
tion of some of a more crystalline nat^ire, and occupying a 
certain relative position, there are found imbedded remains 
of plants and animals, the study of which therefore constitutes 
an important branch of zoology. The next chapter, then, 
will be devoted to a comprehensive view of the different 
groups composing the Animal and Vegetable Kingdoms, some 
knowledge of which is necessary to enable the beginner to ap- 
preciate the reasonings founded upon their occurrence in the 
mineral deposits. 



Recapitulation. 



40. Of what materials does the globe at first sight appear 
to be composed 1 — 41. "What are the simple or elementary 
substances known 1 Mention those which are most abund- 
ant. — 42. Give a dhort account of oxygen, hydrogen, chlorine, 
sulphur, phosphorus, carbon, silicum, aluminum, calcium, 
sodium, potassium, magnesium, iron, and manganese. — 43. 
What are the most abundant simple minerals 1—44. Is a 
knowledge of mineralogy important to the geologist 1 What 
is meant by a simple mineral 1 In what sens6 is the term 
Bock used *? — 45. What is a crystal 1 What are the princi- 
pal properties by which minerals may be distinguished from 
each other I — 46. Give an account of Quartz. — 47. Of Fel- 
spar. — 48. Mica. — 49. Talc. — 50. Chlorite. — 51. Green Earth. 
— 52. Hornblende. — 53. Actinolite. — 54. Asbestus. — 55. 
Serpentine. — 56. Steatite.— 57. Augite.— 68. Hypersthene. — 
59. Diallage. — 60. Schorl. — 61. Calcareous spar. — 62. Gyp- 

E 
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sum. — 63. Dolomite. — 64. Bitumen. — 65. Coal. — 66. Oxide 
of Iron. — 67. Sulphuret of Iron, — 68. Manganese. — 69. Gar- 
net. — 70. What instruments are useful in examining mi- 
nerals and rocks % How may the more common rocks be ar- 
ranged with the view of more easily becoming acquainted 
with them 1-<^7l. What are the principal Quartzose Bocks 1 
Mention the characters of Quartz-Bock^ Jasper, Flint, Flinty- 
slate, Obsidian, Pitchstone, Pumice, Sandstone. — 72. What 
are the rocks of which Felspar is the basis 1 Give an account 
of Compact Felspar, Clinkstone, Claystone, Felspar Porphyry, 
Granite, Syenite, Gneiss, Protogine, Diallage Bock. — ^73. 
What are the Micaceous Bocks 1 Describe Mica-slate and 
Clay-slate. — 74. Describe the Talcose Bocks : Chlorite-slate, 
Talc-slate, Serpentine. — 75. What characters distinguish 
Hornblende-slate and Actinolite-slate 1 — 76. Give an account 
of the Augitic Bocks : Augite Bock, Grreenstone, Basalt, and 
Wacke. — 77. What is the difference between slate-clay and 
bituminous shale % What are the characters of clay and marl ^ 
— 78. Describe the Calcareous Bocks : Crystalline Limestone, 
Compact Limestone, Chalk, Dolomite, and Gypsum. — 79. 
What is the nature of the Carboniferous Bocks % — 80. What 
Ferriferous Bocks are most abundant 1 Describe some of 
the Fragmentary Bocks: Sandstone, Greywacke, Volcanic 
Breccia, Conglomerate, Trap Tufa. — 80. What other sub- 
stances besides those mentioned enter into the composition of 
rocks 1 



CHAPTEB IV. 

PALAEONTOLOGY. ARRANGEMENT OF ANIMALS INTO VBRTE- 

BRATED, ARTICULATED, MOLLUSCOUS, AND RADIATED. RE- 
MAINS OF VERTEBRATED ANIMALS, OF ARTICULATED ANI- 
MALS, OF MOLLUSC A, OF ZOOPHYTES. ARRANGEMENT OF 

PLANTS. 

83. PALiEONTOLOGY. — Many deposits of mineral matter, 
such as beds of clay, shale, sandstone, and limestone, contain 
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imbedded in Uieir enbstance lemains of planto and animals, 
in varions states of preeerraition, generally, however, the 
harder and mure solid parts alone remaining, and sometimes 
tlteir existence being indicated merely by tbe impressions 
which they have made. These oi^anic remains ore extremely 
diversified, and present themselves under very different oir- 
cnmstances. The consideration of their fenna and relations, 
the changes which they have nndei^one, and the causes 
which have produced their immersion in the strata, bos ob- 
tained the name of Palsohtoloot, a term compounded of 
three Greek words : ra>.a4tt, ancient, •>, a being, and t-ayii, a 
discourse. To nuderstaud what has to be said respecting 
these animals and plants, in the subsequent parts of this 
treatise, it is necessa]7 that the student should acquire some 
knowledge of the arrangement and natnre of the sulgects of 
the animal and vegetable kingdoms. 

84. Abbamoeuent of Animals. — According to the sys- 
tem now in general use, animals have been arranged into 
four primary groups : — 1. The Vertobraled, 2. The Articu- 
lated, 3. Tbe Molluscous, 4. The Radiated. 



(1.) Vebtbbbated AHiHAt,B. The species belonging to 
this group agree in having an internal skeleton ; a brain, a, 
and spinal marrow, b, enclosed within a skull and vertebrce. 
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aad placed aiioTe the digeBtiT«oigaiis,fftf; m mnsciilar heart, 
tf eomposed of tvo dutinct csrities ; red blood ; organs of 
s^t, hearing, smell, and taste, situated in the head ; a sym- 
metrical form of bodj ; nerer more than four limhs; thesexes 
always separated. 

To this dirision belong the Mammmliaj or •«ii"a^l«f which 
nudde their joong, Birds, BeptUes, and Fishes. 

(2.) ABTIC1JI.ATKD Akimaia. — In this groi^ the stmctnre 
i« Toy diiTeient. The body is still symmetrical, bat is not 
•npported by an internal skeleton like that of the vertebrated 
^^rM A%, Their skeleton is external, con^osed of hard plates, 
enclosing the bodj as in armour, and formed of a modification 
of the skin. It is on aoconnt of this disposition of the skin 
into jointed plates or rings that these animals hare be«i 
named articulated (jointed). Their nerrons system is com- 
posed of a doable chain of ganglia, one of which, a, occopies the 
head, while the other, ft, runs along the middle line of ^e body 
onder the digestive canal, edL There is thos no appearance of 
spinal marrow. The blood is almost always white, and the 
heart, e^ is often reduced to the state of a simple longitudinal 
canaL The organs of sense are less numCTous and less per- 
fect than in the vertebrated animals, and sometimes are en- 
tirely absent. Lastly, the limbs are generally numerous. Of 
this kind are Insects, Spiders, Scorpions, and Crabs. 

(3.) Molluscous Animals. — ^In these, there is no skele- 
ton, external or internal, so that the body is soft, whence 
their name (from mollis, soft). But, although the skin is soft 
and contractile, it often secretes an earthy matter, forming 
hard plates, named shells, which, however, are never disposed 
so as to form a series of rings or joints. Their nervous system 
is composed of several scattered masses, connected by fila- 
ments, a b. The blood is white, and the circulating system, «, 
pretty complete. There is never an organ of smell ; that of 
hearing is seen only in one family ; and many of these ani- 
mals are destitute of -eyes. Lastly, there* are scarcely ever 
limbs for locomotion. The digestive organs are marked ed, 
the gills/. 

To this group belong Slugs, Snails, Oysters, in short, Shells 
of all kinds, and Cuttle-fish. 
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4. Badiated Animals. — ^In the three preceding groups, 
the organs of motion and sensation are disposed symmetri- 
cally on both sides of the middle line of the body, of which 
the anterior and posterior surfaces are dissimilar ; and there 
is always a distinct nervous system. But in this division, 
these organs are placed in a radiating manner around a com- 
mon centre. The blood is white, as in the mollusca and in- 
sects ; but if there are organs of circulation, they are very 
imperfect ; and the digestive apparatus is extremely simple, 
being reduced to a single cavity, open only at one end. Some 
of these animals even appear to be formed of nothing more 
than a homogeneous pulp, possessed of mobility and sensa- 
tion. They are named Badiated Animals, on account of the 
radiating disposition of their organs, and Zoophytes, or animal- 
plants, because many of them resemble plants. 

Of this kind are Sea-anemonies, Corals, and Star-fish. 

85. Bemains of Yertebrated Animals. No remains of 
the human species have hitherto been found elsewhere than 
in soil^ sand, or deposits of recent formation. Very lately, 
some remains of monkeys have been discovered. Bones and 
teeth of carnivorous quadrupeds are found in caves, inter- 
mixed with those of herbivorous species. A great number 
of bones of the large quadrupeds, named Pachydermata (thick- 
skinned), elephants, rhinoceroses, mastodons, hippopotami, 
tapirs, and palseotheria, have been met with, dispersed even 
oyer the colder regions, where such animals could not now 
find subsistence, or protection from the inclemency of the 
weather. Bones of ruminating animals, and other herbivo- 
rous species, have also been found in the upper deposits ; as 
haye those of whales, although these are very uncommon. 
Bemains of birds are of comparatively rare occurrence. Those 
of reptiles, however, especially of the lizard or crocodile tribe, 
occur abundantly in some of the upper deposits, and even in 
others at a great depth. One of these lizards, the Iguano- 
don, exceeds eighty feet in length, and others, named Ich- 
ihyosaori, and Flesiosauri, are of very large size, and furnish- 
ed with paddles instead of feet, in which respect they differ 
from any known reptile of the present day. Fishes present 
themselves in great numbers in many of the strata, not only 



62 REMAINS OF ARTICULATED ANIMALS. 

their bones and teeth being preserved, but frequently their 
whole bodies, and even their scales and spines. 

86. Remains of Abticulated Animals. — Comparatively 
few remains of articulated animals have been met with. In- 
sects, completely preserved, are often seen in amber, and re- 
mains of some have been found in rocks, especially of the 
coleopterous or hard-winged tribes. Crustacea or crabs are 
not uncommon in certain deposits, especially in chalk and the 
beds lying over it ; and some remains of worms inhabiting 
tubes have been found in the upper strata. 

87. Remains of Mollusca. — Shells of very numerous 
genera are met with in many deposits ; bivalves, or such as 
are composed of two pieces being more numerous in the lower, 
and univalves, or spiral shells, in the upper. Some of those 
in the latter strata are identical with species at present living. 
Many limestones appear to be almost entirely composed of 
shells. The naked mollusca have left fewer traces of their 
existence, although ink-bags and pens of the cuttle-fish have 
been found. 

88. Remains of Zoophytes. — ^Radiated animals occur so 
abundantly in many deposits, that they seem to compose 
their entire mass. These are of the kind usually denomi- 
nated Corals or Madrepores. Encrinites, a remarkable family 
of this order, now almost entirely extinct, are abundant in 
some of the lower and middle strata. Lastly, Echini, or Sea- 
urchins of various kinds, are of common occurrence in chalk 
and some inferior deposits. 

In mentioning these circumstances here, the object is only 
to prepare the reader for the details that will occasionally be 
presented in treating of the various rocks ; and therefore it is 
that a particular account of the difierent fossil remains of ani- 
mals has been avoided. We have now to take notice of the 
remains of vegetables. 

89. Arrangement of Plants. — Two great divisions of 
the vegetable kingdom are indicated by a difference in the 
internal structure of plants. Some vegetables are exclusively 
composed of cellules, without any intermixture of those elon- 
gated tubes called vessels ; while others have in their inte- 
rior both cellular and vascular tissue. Plants of the former 
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bind aie accordingly named Cellular, those of the latter 
Vascular. 

Cellulab Plants are those of which the entire tisane ia 
composed of minute cellules or vesicles. Of this hind are 
Fungi, Algte or Sea-weedi, Lichens, Mosses, and Confervfe. 

Vascular Plants are those which, together with cellules, 
contain vascular tissue. Of this kind are all plants that bear 
flowers, and produce seeds, sncb u Trees, Shruhe, Grosses, 
and Herbaceous Plants. 

But a more commonly employed division is into Dicottle- 

SOHOCS, MONOCOTYLEDONOUS, (Uld AcOTYLGSONOUS, the 

distinctions of which are founded upon the stracture end mode 
of germinating of the seed. 



1. DicorrLEDoNODs Plahts. — The seeds composed of two 
lobes, termed cotyledons. Fig. 7< 1,0 0, attached to the ger- 
men, 6 c, of which one extremity, c, descends and forms the 
root, while the other, b, ascends and forms the stem and 
leaves. The stem, when sncculent, composed of a central 
cylinder of pith, which may ultimately disappear, surrounded 
by a ring of vessels named the medullary sheath, between 
which and the cuticle is a layer of cellnlar tissue with vessels 
aud woody fibres. When woody, (he stem, 2, composed of a 
central column of pith, a medullary sheath, successive layers 
of woody tissue, a correspooding number of thinner layers of 
bark, and thin vertical plates of cellular tissue, named me- 
dullary rays, radiating from the pith. Plants of this class are 
also named Exoognous, that is increasing outwards, because 
the stems enlarge by means of the annual addition of a woody 
layer immediately within the bark. 
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2. MoNocoTYLBDONous PLANTS. — The seecLs, 3, composed 
of an albnminoiis mass, haying within it or to one side the ger- 
men, of which one extremity forms the radicle, the other the 
stem and leayes, enveloped in a single conical cotyledon, 
which is ultimately perforated by the &:8t leaf. In the stem, 
4, there is no distinction into pith, wood, and bark, it being a 
cylindrical mass of cellular tissue in which are irregularly 
distributed bundles of vessels. There are no medullary rays, 
and the increase takes place toward the centre, the outer parts 
becoming more condensed, whence these plants are named 
Endogenous, or increasing inwards. 

3. AcoTYLBDONOus Plants. — ^Plants which do not bear 
flowers, and thus said to be cryptogamous, in contradistinc- 
tion to the former two classes, which are phanerogamous. 
There are no true seeds, but minute granular bodies, named 
Sporulbs, capable of becoming distinct plants, and germi- 
nating by the addition of cellular tissue. The internal struc- 
ture is cellular, but in some tribes ducts, or vessels of a par- 
ticular kind, are interspersed in the cellular tissue. To this 
class belong Ferns, Mosses, Sea-weeds, Lichens, and Fungi. 

90. Fossil Plants. — The remains or impressions of plants 
that occur in the rocks that are lowest in the series belong 
chiefly to the Acotyledonous or Cryptogamous class. Some 
Algse and Ferns first make their appearance. In the strata 
associated with coal are abundance of Ferns, Equiseta, and 
Lycopodiay or plants allied to the latter, and known by the 
generic names of Lepidodendron, Sigillaria, and Stigmaria^ 
together with some Coniferee, that is trees of the pine or fir 
family. In the strata incumbent on the coal-beds are re- 
mains of Ferns, Cycadese, and Coniferse ; and in the highest 
or most superficial series of rocks, are found, besides these, 
fossil plants of the most perfect classes, Monocotyledonous and 
Dicotyledonous, some of them containing trees similar or ana- 
logous to those growing on the surface at the present day. 

Fossil plants present themselves in various stages or modes 
of preservation. Often, in fine shale, or clay, or limestone, 
there are beautiful and perfect impressions of fronds of ferns, 
of which the substance has been entirely decomposed. In 
sandstones, trunks and branches occur, which at first sight 
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seem to retain their structure, but it is found that their form 
only remains, the interior being composed of sand or clay. 
Sometimes, however, when the interior is composed chiefly 
of calcareous or siliceous matter, the structure is so perfectly 
retained that the microscope enables us to determine with 
accuracy the family of the plant. 

91. General Observations. — ^Estimating the perfection 
of animals by the number and development of the organs of 
sense, and that of plants by the more distinct organization of 
the organs of fructification, we find that in ascending from the 
oldest or lowest to the newest or uppermost strata, there is a 
progressive advance from lower to higher orders. The gi- 
gantic forms assumed in the lower strata by plants belonging 
to families of which the species that now occur on the globe 
are veiy diminutive, and the occurrence there of vegetable 
remains analogous to plants now peculiar to the tropical re- 
gions, lead to the inference that at that remote period the 
temperature of the globe was much higher, and the light more 
equably difiused than now. It has been conjectured, too, that 
the constitution of the atmosphere was then different, and 
that a greater proportion of carbonic acid existed in it, to pro- 
duce that magnificent vegetation disclosed by the bed^ con- 
nected with coal, which itself is entirely composed of the re- 
mains of plants. 

In conclusion, it may be well to allude here to certain in- 
ferences that may be made from the occurrence of organic re- 
mains. If a rock contain exclusively remains of animals known 
from analogy of structure to be marine, it may be inferred 
that it has been deposited at the bottom of the sea. If it 
contain the remains of fresh-water animals or plants, or of 
terrestrial animals and plants, exclusively, it must have been 
deposited at the bottom of a fresh-water lake or river. If it 
contain an intermixture of marine and fresh-water animals 
and plants, it has probably been formed in an estuary, which 
has been alternately covered with fresh and salt water. 

'' Among living families of plants," says Dr Buckland, in 
his Bridgewater Treatise, " Sea- weeds. Ferns, LycopodiacesB, 
Equisetaceee, CycadesB, and Coniferse, bear the nearest relations 
to the earliest forms of vegetation that have existed upon our 
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planet. The family which has most uniyersallj pervaded 
every stage of vegetation, is that of Coniferse ; increasing in 
the number and variety of its genera and species, at each suc- 
cessive change in the climate and condition of the surface of 
the earth. This family forms about one three-hundredth part 
of the total number of existing vegetables. Another family, 
which has pervaded all the series of formations, though in 
small proportions, is that of Palms. 

^' In the fossil Flora, we have not only the existing fun- 
damental distinctions between Endogenous and Exogenous 
plants, but we have also agreement in the details of struc- 
ture, throughout numerous families, which indicates the in- 
fluence of the same laws, that regulate the development of 
the living members of the vegetable family. The remains of 
Fructification, also, found occasionally with the plants of all 
formations, shew still further, that the principles of vegeta- 
ble reproduction have at all times been the same. The ex- 
quisite oiganizations which are disclosed by the microscope, 
in that which to the naked eye is but a log of lignite, or lump 
of coal, not only demonstrate the adaptation of means to ends, 
but the application, also, of similar means, to effect corres- 
ponding ends, throughout the several Creations which have 
modified the changing forms of vegetable life. Such combi- 
nations of contrivances, varying with the varied conditions 
of the earth, not only prove the existence of a Designer, from 
the existence of method and design, but from the connexion 
of parts, and unity of purpose, which pervade the entirety of 
one vast, and complex, but harmonious whole, shew that one 
and the same mind gave origin and efficacy to them all." 

Of such materials, then, as have been briefly described or 
alluded to in this and the preceding chapters, is the crust of 
the globe composed. Our next subject of inquiry is the man- 
ner in which the masses formed of them present themselves 
to our view. 
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Recapitulation. 

83. What substances are frequently imbedded in mineral 
deposits 1 What name is applied to the branch of science 
which treats of fossil animals and plants 1 — 84. How may 
animals be arranged 1 What are the principal characters of 
the Yertebrated, Articulated, Molluscous, and Badiated ani- 
mals ^ Give the etymology of these terms, and the reasons 
for their being employed. What animals are the most per- 
fect T — 85. Have remains of the human species been found in 
rocks ^ What kinds of Vertebrate animals chiefly occur in 
a fossil state \ — 86. Are the Articulated animals common in 
that state 1 — 87. What kinds of Mollusca are prevalent 1 — 
88. Are the remains of Badiated animals plentiful 1 — 89. 
How may plants be primarily arranged 1 Define Cellular 
Plants, and Vascular Plants. What is the most common phy- 
siological arrangement of plants. What are the essential 
characters of Dicotyledonous, Monocotyledonous, and Acoty- 
ledonous plants 1 — 90. Give some accoimt of fossil plants, 
stating what kinds occur in the lowest, in the carboniferous, 
and in the upper deposits. In what state of preservation do 
fossil plants occur 1 — 91. Is there a progressive advance in 
the perfection of fossil plants from remote to recent periods 1 
Why is it supposed that the temperature of the globe was 
formerly higher 1 Is it probable that the constitution of the 
atmosphere has been different. Mention some inferences that 
may be made from the occurrence of organic remains in rocks. 
What plants now living most resemble the fossil species 1 
What are the most universally prevalent families 1 Are fossil 
and living plants anatomically similar 1 What is the infe- 
rence as to the origin of these substances % 
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SECTION 11. 

ARKANGEMENT OF THE COMPONENT PARTS 

OF THE EARTH. 

CHAPTER I. 



GENERAL IDEA OF THE DISTRIBUTION AND ARRANGEMENT OF 
ROCKS : SUMMIT OF BEN-NA-MUC-DUI, AND THE NEIGHBOUR- 
ING DISTRICT ; BENLEDI AND VALLEY OF THE TEITH ; LAM- 
MERMUIR HILLS, TALLET OF DALKEITH, AND PENTLAND 
HILLS ; YORKSHIRE STRATA ; THOSE IN THE VICINITY OF 
LONDON. REGULAR SUCCESSION OF STRATA, DISTINCTION 

OP ROCKS INTO STRATIFIED AND UN8TRATIFIED. ^RELATIVE 

POSITION OF ROCKS. 

92. ROCKB OBSERVED IN DIFFERENT PARTS OF BRITAIN. 

Having obtained a general idea of the fonn of the globe, the 
distribution of the land and sea, the inequalities of the sur- 
face, and the substances which enter into the composition of 
the earth's crust, together with the nature of the principal 
masses or rocks, we may now direct our attention to the ar- 
rangement and mutual relations of the latter. 




-Pig. a. 



A person having gained the summit of Ben-na-muc-dui, Fig. 
a, the highest mountain in Scotland, finds its surface com- 
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posed of fragments of white quartz, disintegrated felspar, and 
scales of mica* Beneath this superficial layer, and in some 
places, projecting through it, he observes the solid rock, a crys- 
talline compound of the same materials, namely, quartz, fel- 
spar, and mica. This coarse-grained, reddish granite he 
would find to compose all the mountains around, and he 
might suppose it to extend for miles down toward the centre 
of the earth. By examining the escarpments, of which there 
are many of great magnificence, he would observe that, al- 
though there are sometimes irregular appearances of fissures 
in the rock, its parts are not disposed so as to form parallel 
plates, and thus that it is massive or unstratified. Farther 
to the south, however, he would meet with strata or layers of 
slaty rocks, b, named gneiss and mica-slate, with beds of lime- 
stone and clayslate, leaning as it were against the granite, 
which therefore probably passes under them, and although 
rising much above their level in the mountains, is yet geolo- 
gically speaking inferior to these deposits. 




Supposing he were now to visit Ben Ledi, a, in the Southern 
Grampians, he would find the surface composed of angular 
fragments of a glistening slaty substance, which he would 
readily recognise as mica-slate, or chlorite-slate, together 
with pieces of white quartz. Descending the mountain and 
proceeding eastward, he would find in this mica-slate, beds 
of chlorite-slate and clay-slate as well as limestone, dark- 
coloured or grey, with numerous white veins, but destitute 
of organic remains, succeeded by a rock intermediate be- 
tween mica-slate and greywacke, a great mass of conglo- 
merate, composed of rolled pebbles of quartz, cemented by 
ferruginous clay and sand, and beyond this sandstone con- 
taining much mica« In the plain, the nature of the superfi- 
cial covering would be difierent from that of the summit of 
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Ben-na-muc-dui and Ben-Ledi : first a layer of soil, composed 
of sand, clay, and decayed y^etable matter ; then a layer of 
clay intermixed with pebbles. In some places he would find 
peat, to the depth of several feet ; then a fine bluish clay ; and 
lastly, a bed of clay and pebbles. 







Fig. 10. 

On the Lammermuir Hills, to the south of Edinburgh, a, he 
would find the superficial layers to be of soil, gravel, or peat ; 
the subjacent rock composed of Gbreywacke in inclined strata, 
varying from coarse-grained to fine-grained, and occasion- 
ally becoming slaty. Proceeding northward, he would pass in 
succession bcMls of red conglomerate and sandstone, 6, then a 
deposit of limestone, and lastly numerous beds of sandstone of 
various colours and textures, shale, clay, and coal, c tf, in some 
places horizontal, in others variously inclined. Towards the 
Pentland Hills, he would observe the strata again cropping 
out, and on ascending the nearest eminence would find it to be 
composed of an unstratified mass of that kind of igneous rock 
named compact felspar. Or arriving at Arthur's seat, he would 
find a mass of rock rising abruptly out of the plain, and rest- 
ing upon sandstone ; its lower part composed of porphyritic 
greenstone disposed in columns, above which a great mass of 
trap-tufa, and lastly at the summit greenstone. Salisbury 
Craigs, he would perceive to be formed of crystalline green- 
stone, lying beneath beds of sandstone, and covering strata 
of the same nature. 

In Yorkshire, by examining the cliffs along the coast, he 
would discover a succession of regularly stratified rocks : first 
chalk, beneath the soil, then green sand and clay, oolitic lime- 
stone, blue clays and limestones, clays and sandstones of a 
red colour, a series of sandstones and shales with layers of 
coal, lastly limestone, and clay-slate. 

In the vicinity of London, there are found, in like man- 
ner, under the soil and gravel, in nearly horizontal strata. 
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layers of clay at the top, beds of sand and clay farther down, 
and last of all chalk ; these substances and their superposi- 
tion being disclosed by the sinking of wells. 

93. Succession of Strata. — Now this chalk, which forms 
as it were the bottom of the London Basin, but which rises 
on either side to the surface, has been traced northward all 
the way to Scarborough and Whitby in Yorkshire, where, be- 
neath it, are strata of clay and limestone, forming several 
series, below which are sandstones and coal, similar to those 
observed in the plain near Edinburgh, which rest upon lime- 
stone and conglomerates, reposing upon greywacke. These 
conglomerates are somewhat similar to that in the valley of 
the Forth and Teith, which rests on a kind of greywacke, 
beneath which is a series of slaty rocks. Lastly, in Aber- 
deenshire, these slaty rocks are found resting on granite. 

94. Stratified and unstratified Rocks. — ^Excepting 
the last, all these rocks are disposed in beds or strata, of 
great extent and comparatively little thickness. The gra- 
nite, and the rocks similar or analogous to those of the 
Pentland Hills and Arthur's Seat, differ in not being dis- 
posed in layers, or, in other words, in not being stratified. 
Such unstratified rocks occur abundantly in many parts of 
Scotland, and in the northern and western portions of Eng- 
land, sometimes forming ranges of hills, and sometimes ap- 
pearing as isolated masses. There is thus a natural divi- 
sion of rocks into stratified and unstratified. The latter 
sometimes lie over the stratified rocks, and are also found 
beneath them. The stratified rocks, in the examples ad- 
duced, are observed to have a kind of regular succession; 
gneiss being lowest, then mica-slate, chlorite-slate, primary 
limestone, clay-slate, greywacke, conglomerate, limestone, 
sandstone with coal, red sandstone, blue clays and limestones, 
oolitic limestone, clay and green sand, and above all chalk 
and clay. 

Any one of all these rocks, however, may occur at the sur- 
face. Granite, that on which all the others rest, forms even 
the highest point of Britain, mica-slate is seen everywhere in 
the southern Grampians, greywacke on the Lammermuirs, 
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coal and sandstone in the valley of Dalkeith, chalk at Scar- 
borough, and clay in London. 

95. General Idea of the Arrangement op Rocks. — 
By multiplying observations of this nature, it has been found 
that rocksi in their arrangement, observe a certain order of 
superposition, and that the interruptions of continuity in 
the strata caused by the interference of unstratified masses, 
together with the various inclinations, fractures, and disloca- 
tions of the stratified rocks, if not perfectly accounted for, can 
yet be in some measure understood. 




An ideal section of a portion of the earth's crust will serve, 
along with what has been said above, to afford some idea of 
the manner in which rocks are disposed. The interior of the 
globe is represented by a a a, probably' in a state of fluidity 
and incandescence ; its consolidated surface indicated by the 
dark line forming the lower boundary of the Granite, d tf d, 
which has its upper outline sinuous, rising here and there 
into eminences projecting beyond the stratified rocks, e e e. 
As if these stratified rocks had been at one time continuous, 
they are seen to have a curved arraaigement in the basins 
formed between the granitic ridges. Streams of melted mat- 
ter from the interior have traversed the granite in great fis- 
sures, hCfbc, be, and produced deposits at the surface, as well 
as in the midst of the stratified rocks cccec. 

But before proceeding to the exposition of this most inte- 
resting subject, it becomes necessary to present a statement 
of various circumstances relative to mineral deposits, and to 
explain the terms employed in describing their structure and 
relations. 



RECAPITULATION. 73 

Bbcapitulation. 

92. Of what rock is Ben-muc-dui composed 1 With what 
slaty rocks is the granite there connected 1 Dsecribe the 
succession of rocks from Benledi eastward. What are the 
rocks of the Lammermuir Hills, the Plain of Dalkeith, the 
Fentland Hills, and Arthur's Seat ^ What rocks occur in 
Yorkshire, and about London 1 — 94. Distinguish between stra- 
tified and unstratified rocks. Do rocks observe any regularity 
in their succession ^ How may a rock geologically the lowest 
become in parts the highest 1 — 95. Give a comprehensive 
account of the disposition of the rocks forming the earth's 
crust 1 



CHAPTER II. 

GENERAL IDEA O^ THE STBUCTUEE OF ROCKS. COMPOSITION 

OF ROCKS. TEXTURE OF SIMPLE ROCKS, OF AGGREGATED 

BOCKS, OF FRAGMENTARY ROCKS. FORM OF ROCKS. — DIS- 
TINGUISHING CHARACTERS. INSTRUMENTS USED IN EXA- 
MINING ROCKS. 

96. General idea op the Structure of Rocks.^ — ^Look- 
ing upon the masses of mineral matter which present them- 
selves to our view at the earth's surface, we presently per- 
ceive that they may be examined with reference to their 
texture, or the mode of arrangement of the particles or 
crystals or fragments of minerals of which they are com- 
posed, or with reference to their disposition in masses in 
relation to each other. Thus, on inspecting a rock exposed 
in a quarry, for example, we may find, if it be sandstone, Ist, 
that it is composed of particles of quartz, among which are 
interspersed finer grains of argillaceous matter ; 2dly, that it 
has a granular composition ; 3dly, that its particles are dis- 
posed in thin laminae; 4thly, that these laminee compose 
beds or layers of various sizes, separated from each other by 
parallel seams. If we examine a mass or mountain of granite, 
we find, Ist, that irregular crystals of felspar, quartz, and 
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mic^y enter into its composition ; 2dl7, that it has a crystal- 
line texture ; Sdly, that its structure is either compact, that 
is without any appearance of fissures or laminse, or somewhat 
prismatic, that is divided into fragments bounded by planes ; 
and, 4thly, that viewed in the mass it has no determinate 
form. Again, examining a deposit of mica-slate, we observe, 
1st, that the minerals of which it is composed are mica and 
quartz ; 2dly, that it has a laminar or scaly texture ; 3dly, 
that its laminse are disused so as to form plates ; and, 4thly, 
that these plates form larger layers, separated by distinct 
seams, so as to constitute beds, which are besides intersected 
by straight clefts having a determinate direction. Thus the 
structure of rocks resolves itself into four divisions : the mi- 
neralogical structure, or composition ; the intimate struc- 
ture, or TEXTURE ; the structure in mass, or stbuctxtbe ; and 
the external structure, configuration, or form. 

97. Composition of Kocks. — Of the mineralogical struc- 
ture of rocks it is unnecessary to speak in detail. As the 

* term is employed here, it has reference merely to the simple 
minerals of which they are composed. Thus, what is the com- 
position of Granite 1 Quartz, felspar, mica. Of Ghaeissl 
Quartz, felspar, mica. Of Greenstone ? Augite and felspar, 
or hornblende and felspar. The mineralogical structure of a 
rock is discovered on close inspection, sometimes without 
difficulty when the crystals or fragments are large, but often 
requiring the aid of a lens, and presupposing a knowledge of 
the forms, colours, and other qualities of the simple minerals 
that usually enter into the composition of rocks. § 45 — 69. 

98. Texture of Simple Kocks. — The intimate texture of 
rocks, or the mode of aggregation of the mineral substances 
of which they are composed, exhibits considerable variety. 
Viewed in this respect, rocks may be simple or compound, 
that is composed of a single mineral species, or of several 
species. The texture of siinple or homogeneous rocks may be 
referred to nine difierent kinds. 

(1.) Compact Texture. — ^When the particles or crystals 
are so minute as not to be distinguishable by the naked eye, 
as in some kinds of Felspar and Limestone, on that account 
called Compact 
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(2.) Earthy Tbxtubb. — ^When the particles are minute, 
and, haying little cohesion, readily crumble ; as in some kinds 
of Chalk. 

(3.) GbtANULAB Texture. — ^When the particles or crystals 
are distinguishable, and of a rounded form ; as in Oolite. 

(4.) Crystalline Texture. — ^When they are easily dis- 
tinguishable, confusedly aggregated, and present the appear- 
ance of imperfect crystals ; as in Primary Limestone. 

(5.) Scaly Texture. — When the particles are disposed in 
the form of small scales ; as in some varieties of Clay-slate. 

(6.) Lamellar Texture. — ^When the rock is composed of 
very thin plates ; as in some kinds of Pitchstone. 

(7.) Laminar or Slaty Texture. — ^When it is composed 
of thin parallel plates or laminsB ; as in Clay-slate. 

(8.) Fibrous Texture. — Composed of very elongated slen- 
der crystals ; as in Fibrous Gypsum. 

(9.) Kadiated Textxtre. — ^When the fibres present a ra- 
diated or divergent arrangement ; as in Actinolite slate. 

98. Texture of Aqgregated Compound Books. — ^Rocks 
composed of two or more simple minerals, are divided into 
two kinds, some being fragmentary, or having their par- 
ticles or fragments united by a cement ; others aggregated, 
or having their parts coherent without the intervention of a 
cement. The latter rocks present many of the above defined 
kinds of texture, as well as several others. 

(1.) Compact Texture. — ^When the particles, are so mi- 
nute as to give the rock a dense, homogeneous appearance ; as 
in some kinds of Granite and Greenstone. 

(2.) Earthy Texture ; in Lava. 

(3.) Granular Texture ; in Clay and Marl. 

(4.) Crystalline Texture, also called granular or gra- 
nitic, by many geologists ; in Granite and Hornblende Bock. 

(5.) Slaty Texture ; in Gneiss, Mica-slate, and Chlorite- 
slate. In the compound rocks, this texture is crystalline, 
but with the component minerals more extended in one di- 
rection than in another, and thus arranged so as to form dis- 
tinct laminae. 

(6.) PoRPHYRiTic Texture, — When in a basis, either 
crystalline or compact, distinct crystals are interspersed ; as 
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in Porphyry of vaxious kinds, Porphyritic Granite, Syenite, 
and Greenstone. Fig. 15. 

(7.) Amygdaloidal Texture. — ^When in a basis, gene- 
rally compact, sometimes crystalline or earthy, are inter- 
spersed roundish or oval bodies, composed of one or more 
mineral substances ; as in Amygdaloidal Claystone or Green- 
stone. 

(8.) Caternous Texture. — Numerous small cavities, 
roundish, oval, or of various forms, in a compact or granular 
rock ; as in Lava. 

99. Texture of Fragmentary Rocks. — ^When the mi- 
nerals, or fragments of minerals, of which a rock is com* 
posed, are agglutinated by clay or other finely divided mat- 
ter, the mass is said to be fragmentary. Only two or three 
varieties occur. 

(1.) Brecciated Texture. — Angular fragments, cemented 
together, constitute Breccia. 

(2.) Conglomerated Texture. — Bounded fragments of 
quartz, granite, flint, or other substances cemented, form con- 
glomerate. 

100. Structure of Bocks. — Viewed with reference to the 
arrangement of their parts, on a larger scale than their tex- 
ture, rocks may be distinguished as follows. 

(1.) Massive Structure. — When a rock presents no in- 
ternal division into plates or prisms or balls, but is of a uni- 
form texture over a great extent. 

(2.) Prismatic or Columnar Structure. — When a mass 
of rock is internally divided by fissures into prisms of various 
sizes or forms. Gbranite often exhibits this structure, which 
is more regularly displayed in Basalt> Grreenstone, and Por- 
phyry. The prisms or columns vary from a diameter of a few 
inches to eight or nine feet, and in length from one to three 
hundred feet or more. They vary in form, sometimes having 
only three sides, sometimes so many as twelve, but generally 
four, five, or six. It is obvious that this kind of structure is 
quite distinct from those contained in the last paragraph ; the 
compact or crystalline, for example, which may be included 
in the prismatic ; that is, a rock divided into prismatic por- 
tions, may have thpse portions crystalline, or compact. 
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(3.) Tabular Stsucturb. — When a rock is composed of 

parallel plaies, separated bj regular soama. 

(4.) Olobulab Stguctorb. — Globular maaeeB of laige size 

imbedded in a aubetance of the same nature. 

101. Fork op Bocks.— Dr MocCnllocb, iit his Claasifica- 

tion, eanmeratea the following difTerent forms of rocks : 



(1.) Ibeboulab Mabbes. — Rocks of no determinate form, 
and of an; size ; as Granite, OreenstonerPorpbTrj. Fig,12,a. 

(3.) PsEUDo-STHAT*. — Mt BakoweU remarks, on what he 
caUs the STRATIFORM structure, that many masses of rock, 
not reaU; atratified, occur divided into parallel planes, b; 
aeaina or divisiona which reaemble those in regular strata ; 
such planea have not been saperimpoaed in BucceBaion, but 
are the result of a crystalline arrangement of the maas. Fig. 
12, e. 

(3.) Strata. — Some geologists make a distinction between 
a STRATUM and a Bbd, moaning bj the latter what Dr Hac- 
Culloch has named psoudo-stratnm ; but in this Ireatiae Stra- 
tum and Bed will be synonymous. Strata are masses having 
a much greater extenaion in two of their dimensions than in 
the third, and generally occupying large spacea. In its sim- 
plest or most perfect form, the sliatum may be considered as 
• groat bed or plate, of which the upper and lower planes are 
etrught and parallel. But many modifications are observed ; 
for the planea may be inclined to each other, ao that the stra- 
tum if prolonged would terminate in an edge ; or the stratum 
may be thicker at one part than another ; or it may be Tarione- 
ly bent, or undulated, or fractured. While aome strata are 
horizontal, others are perpendicular, and all intermediate de- 
grees of inclination are met with. Strata of sandatone and 
clay are generally allowed (o have been deposited &om the 
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turbid waters of the sea, lakes, or rivers, their laminse being 
arranged over each other in a regular manner. Others again^ 
as of mica-slate, are supposed to have resulted from chemical 
precipitation. ' A stratum may vary in thickness from a few- 
yards to a thousand feet or more. Dr MacCulloch mentions 
an instance, in the mountain Kea-cloch in Ross-shire, where 
an uninterrupted series of horizontal red sandstone is nearly 
4000 feet in depth ; and another in Argyleshire, where the 
chlorite-slate, having a considerable inclination, is nearly 20 
miles in lateral thickness. Strata are separated from each 
other by seams, or parallel planes, and sometimes by joints 
or fissures forming some angle with the planes. Fig. 12, b. 

(4.) Nodules or Globular Masses. — By these terms are 
designated rocks of irregular form, varying from a foot to a 
mile or more, and imbedded either in a stratified or a massive 
rock. Fig. 13, a. 




Fig.13. 



(5.) Veins. — Supposing in a rock of any kind a rent, 
straight or tortuous, simple or branched, to be filled with 
mineral matter, the result would be a vein. The size of veins 
varies from a mere thread to an hundred yards or more, and 
their positions vary through every possible angle. They are 
presumed in every case to be connected with some irregular 
mass, as no example of an independent or isolated vein has 
yet been discovered. Fig. 13, 6. 

102. Distinguishing Characters of Bocks. — ^In distin- 
guishing and describing rocks, we have to attend to the fol- 
lowing circumstances. 

(1.) Fracture. — This term is employed to designate the 
appearance of a fresh surface exposed by the blow of a ham- 
mer or any other forcible separation of parts. It may be 
EVEN, or forming a plane of greater or less extent; uneven. 
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when formed of variously inclined planes of small extent ; 
coNCHoiDALy when one of the separated surfaces is concave, 
and the other convex ; splintery, when the surface presents 
the appearance of thin-edged scales ; hacklet, when covered 
with very sharp protruding points. 

(2.) Hardness. — This character does not require so pre- 
cise a determination as in the case of simple minerals. The 
extremes are the hardness of quartz on the one hand, and soft 
chalk on the other. 

(3.) Lustre. — According to Dr MacCulloch, the highest 
degree of lustre that occurs in rocks is the plumbaginous, 
or that of graphite or black lead, which is seen in some clay- 
states. The other extreme is that of chalk, which is dull, 
or almost destitute of lustre. The principal intermediate 
kinds are the silky, resinous, vitreous, flinty, and waxy. 

(4.) Frangibility. — The degree of facility with which a 
rock yields to the hammer is named its tangibility. Easily 
frangible, very or remarkably easily, or frangible with diffi- 
culty, or with great difficulty, and such readily intelligible, 
although rather vague terms, are those employed to denote 
this character. 

(5.) Action op Acid. — Some varieties of limestone are 
conveniently distinguished by the greater ^or less facility with 
which carbonic acid is extricated from them by means of di- 
luted nitrous or muriatic acid. 

(6.) Specific Gravity. — This character, obtained in the 
usual manner, by weighing a fragment in air, and again in 
water, commonly enters into the description of rocks. 

(7.) Colour. — Although generally an empirical, and fre- 
quently a fallacious character of rocks, colour is yet of great 
use in enabling the student to distinguish not only rocks 
themselves, but also the minerals which enter into their com- 
position. Some rocks, as marble and serpentine, own their 
chief value, in an economical point of view, to their colours. 
Werner's Nomenclature of Colours, by Syme, may be taken 
as a standard for comparison ; but very precise distinctions 
are not so necessary in rocks as in simple minerals. Pure or 
vivid colours seldom present themselves, and the most com- 
mon tints are modifications of grey, red, or brown. It has 
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been found that most rocks owe their colours to the presence 
of iron in different conditions. 

103. Instbuments useful in examining Bocks. — ^Tke 
instruments necessary to the geologist are not numerous. The 
most important is the Hammeb, of which two different kinds 
will be found useful ; the first, an oblong hammer with flat 
extremities or faces, weighing about three pounds, and an 
ash handle about two feet and a half in length ; the other a 
very small flat-faced hammer, half a pound in weight, -with 
a handle of about ten inches. The large hammer is used for 
breaking up a rock into chips or splinters, while the other is 
used for chipping or dressing. To these instruments may be 
added an iron Wedge and a Chisel. 

Another necessary instrument is a Compass, to shew the 
direction of strata, or the bearing of one place upon another. 
The inclination of strata is shewn by the Clinometer, which 
is merely a quadrant adapted to this particular use. These 
two instruments are usually combined, and along with them 
is generally placed a tube for levelling. 

If to these are added a little nitrous or muriatic acid in a 
small glass well secured, a well-tempered strong knife, and a 
canvass bag lined with leather, the young geologist may con- 
sider himself well equipped for the field. 

104. Abbangement of Bocks into Gbtoups. — With 
these preparatory explanations we are now in some mea- 
sure qualified to. proceed. Rocks, as has already been ob- 
served, are either simple or compound, formed of a single 
mineral species, or composed of two or more species. But 
as they present themselves in nature, simple rocks do not 
form a class distinct from compound rocks ; for the former 
may occur in immediate contact with the latter, or a rock 
may be simple in one part, and compound in another. Some 
rocks are stratified, or disposed into lamin» and strata ; while 
others are massive, or irregularly fissured, or at most, present 
only the semblance of strata. Hence a division of rocks into 
two great classes, stbatified and unstbatifibd. 

It will farther be adverted to that one or more simple mi- 
nerals constitute a Rock ; that one or several rocks united by 
certain common characters constitute a Fobmation, or con« 
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nected series ; and that several formations constitute a sys- 
tem of Rocks. Thus particles of quartz and argillaceous 
matter form sandstone ; Uiis sandstone in strata, together with 
strata of slate-clay, Ijituminous shale, iron-stone and coal, 
constitute the Coal Formation ; while the Goal Formation, 
Millstone Grit, Mountain Limestone, and old Bed Sandstone, 
taken collectively form the Carboniferous System. These 
remarks apply solely to the stratified rocks, which are sup- 
posed or understood to have been deposited in a sedimentary 
form from water. 

The unstratified rocks, on the contrary, cannot be thus 
grouped into systems on the principle of a mutual relation- 
ship ; for while a particular formation of stratified rooks al- 
ways reposes upon a certain other formation, and is sur- 
mounted by a third ; or at least never changes its position 
with reference to those other formations ; the members of the 
unstratified class may present themselves in any position 
both with reference to each other, and with reference to the 
stratified rocks. Nor can the unstratified rocks be arranged 
into groups upon the principle of an affinity in mineralogical 
composition ; for they all pass into each other in an imper- 
ceptible manner. 

105. Relative Extent of Stbatified and Unstrati- 
fied Rocks. — The stratified rocks reposing upon a basis of 
granite, which is referred to the unstratified class, are uni- 
versally distributed over the globe, forming a much greater 
extent at the surface than the unstratified rocks, which gene- 
rally appear toward the central parts of the elevated ridges, 
or mountain-chains, the valleys and plains being occupied by 
the stratified rocks. The unstratified rocks are interspersed 
among or laid over the stratified rocks, not in unconnected 
and independent masses, but, as has been shewn in some 
cases, and as is believed in all, connected with veins or 
seams intersecting the strata, and proceeding from the in- 
ternal parts of the earth, so that although a mass of this na- 
ture may lie over the higher strata and appear at the surface 
as a mountain, its origin is from beneath the lowest stratum, 
and even the granite on which that stratum reposes. 

106. Order of Description of Rocks. — Considering 
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granite as the basis of the stratified rocks, we may, with pro- 
priety, commence our description of the materials of which 
the crust of the globe is composed with it ; but although the 
other unstratified rocks belong to the same class, their basis 
or origin not being accessible to observation, and they being 
variously interspersed among the stratified rocks, it will be 
found more convenient to make their description follow that 
of the stratified series. 

Most English geologists, in describing the strata, begin at the 
surface, and proceed downwards ; while most Continental geo- 
logists take the opposite method. On this subject, some remarks 
by Mr Bakewell are so accordant with the views of the author 
of this treatise, that they may with propriety be here introduced. 
'' In describing the different classes of rock, we may either com- 
mence with the lowest or most ancient, or with the uppermost 
or most recent ; but I am persuaded that the student will find 
it most convenient to begin with the lowest, and proceed in an 
ascending series to the uppermost. The rocks called primary 
have distinctly marked mineral characters, and contain few, 
if any, organic remains. As the student proceeds, he may 
trace the first indication of organic existence, and in ascend- 
ing to the upper rocks, he will observe the gradual increase 
of genera and species that have left their remains in the dif- 
ferent beds ; in some cases indicating great changes in the 
condition of parts of the globe, as from sea to land, or from 
salt water to fresh, or from deep to shallow seas. If the stu- 
dent begin with the more recent or uppermost strata, he "will 
find them difficult to recognise by fixed mineral characters, 
and he will be confused by the variety of organic species pre- 
sented to his notice, but from which he can derive little in- 
struction, until he be able to compare them with the fossil 
remains in the lower strata." 

107. Classification adopted. — The rocks which present 
themselves to observation at the surface of the globe, may be 
arranged into four classes or groups, dependent chiefiy upon 
their relative position. I. Fundamental Rocks, or those 
forming the basis or foundation of the rest ; II. Stratified 
Rocks, divided, according to the order of their deposition, 
into four groups: 1. Primary; 2. Secondary; 3. Tertiary; 
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4. Alluvial. III. OvEBLTiNG Rocks, so named, because they 
appear lying over, or interspersed among, the stratified rocks. 
lY. Volcanic Rocks, of the same nature as the last, but 
produced by volcanoes at present or recently in action. 



Reoapittjlation. 



96. What circumstances must be attended to in examining 
rocks % Give some examples of. the mineralogical composition 
of rocks. — 97. What is meant by the texture of rocks 1 De- 
fine the principal kinds of texture in simple rocks. — ^98. What 
textures are observed in compound rocks 1 — 100. What is 
meant by structure 1 Define the principal kinds of structure. 
101. What are the principal varieties of form or configura- 
tion in rocks 1 Distinguish between strata and pseudo-strata. 
Give a particular account of strata. — 102. What other cha- 
racters are used in distinguishing rocks 1 — 103. What instru- 
ments are necessary to the geologist 1 — 104. Is the arrange- 
ment of rocks into simple and compound useful in geology 1 
What is the difference between stratified and unstratified 
rocks 1 What gradations are employed in arranging rocks "i 
Do these gradations apply to the unstratified series 1 — 105. 
What rocks are most extended at the surface's What is the 
disposition of the unstratified rocks 1 — 106. Whether is it 
most convenient to commence with the lowest or with the 
highest rocks 1 — 107. What classification is it proposed to 
follow in this treatise 1 



CHAPTER III. 

OF THE FUNDAMENTAL ROCKS. 

POSITION AND EXTENT OF GRANITE ; ITS COMPOSITION, TEX- 
TURE, AND varieties; its STRUCTXTRE, CONNECTION, AND 
ECONOMICAL USES. 

108. Position and Extent of Gsranite. — ^The founda- 
tion on which repose the lowest or oldest stratified rocks, is 
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ge&erelly admitted to be Qnuiite, which, although not accsB- 
sible to observation in pl&ins and the lower parts of T»Ileys, 
is ;et exposed in monntain-rangea, to each an extent as to 
enable us to Btudj its characters and relations. Although 
this lock forms the most elevated portion of the great Euro- 
pean elevated or mountain land, rising in Mont Blanc to the 
height of IS,781 feet above the sea, it does not form the 
highest Bommita of the Andes, nor, as ia believed, those of the 
Uimmalairan mountains, which are ten thouBand feet higher 
than anj in Europe ; and in Canada, the eastern parts of the 
United States of America, and other parts of the world, occutb 
at the surface at no great elevation. The aame circnmatonce 
is observed in Scotland, where the granitic range of the Aber- 
deenshire Grampians forms the highest land in Britain, wlule 
the same granitic rock is observed on the coast. In England, 
granite occura in Cornwall, Devonshire, North Wales, Angle- 
sea, the Malvern Hilla, Chamwood Forest, in Cumberland and 
Westmoreland. In Scotland, it is seen in Galloway, Argjie- 
shit«, Forfarshire, Aberdeenshire, and other ci 



109. CouposiTioN AND TsxTiraE or GInANiTB. — The roctt 
to which the name of Granito is given, probably on account of 
its granular appearance, is eaaentially composed of Felspar, 
Quartz, and Hica, or of the two former minerals and Horn- 
blende. These Bubatances are confusedly aggr^ated in cryst&U 
of imperfect form, varying in size and colour. The parts some- 
times exceed two inches in their dimensions, while at other 
times they are reduced to scarcely disUnguishable granolee ; 
and often in a very limited apace great varieties of texture are 
observed. Occasionally patches, or veins of finer texture, ar« 
interspersed through a mass of coarser materials, and in one 
variety the particles have arranged themselves into spherical 
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concretions. The Felspar of granite is subject to a greater 
diversity of colour than the other ingredients, and as it is 
usually the most abundant material, the general tint of the 
rock is derived from it. It may be dark-red, light-red or 
flesh-colour, reddish-white, pure white, grey, yellow, green- 
ish, or greyish-black. The Quartz, although usually white, 
may be grey of various tints, brown, or almost black. The 
Mica, in plates or scales, may be white, silvery, brown, or 
black. The hornblende is always black or very dark green. 
Granite, properly so called by most geologists, who exclude 
hornblende as a constituent, is composed of felspar, quartz, 
and mica. But several modifications have received distinc- 
tive names. Thus, 

PoRPHTRiTic GrRANiTE. — Granite composed of felspar, 
quartz, and mica, but having distinct additional crystals of 
felspar of larger size interspersed. A remarkable light- 
coloured variety of this kind, in which the white crystals of 
felspar are often several inches in length, and very conspicu- 
ous, is found in Cornwall ; and others occur in Aberdeen^* 
shire* 

One of the ingredients may be wanting, or substitutions 
may take place of one mineral for another, or various mine- 
rals may be occasionally added. Thus, 

Gtraphite Granite, so named, because when polished it 
presents some appearance of written characters, is a com- 
pound of felspar and quartz, with little or no mica, so dispo- 
sed as to produce an imperfect prismatic or laminar structure, 
or it may be described as formed by small prisms or plates of 
quartz dispersed in felspar. 

Pegmatite is a granular mixture of quartz and felspar. 

EuBiTE OR Whitestone is a variety in which felspar is 
the predominant ingredient, the quartz, and especially the 
mica, being very rare ; or in which all the ingredients are 
blended into a finely granular mass of a white colour. 

ScHOBii Rock or Shorly Granite. — ^When crystals of 
schorl are added to the usual ingredients of granite ; or when 
quartz and schorl only occur, the felspar and mica having dis- 
appeared. 

Protogine or Talcose Granite. — A mixture of felspar. 
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quutz, and talc or chlorite. It occuib abundantlj in the Alp« 
of Savoy, and ie found in Cornwall, where, on decomposing, 
it yields the chinK-clay or potceloin-earth which is annually 
exported in great quantities. 

Stenite or Hosnblendic GIbakitb. — When hornblende 
is Bubstitnted for mica. But very often both mica and horn- 
blende occur together in granite, and the homblendic variety 
gradually passes into the common in the same moss. 

Many other vorietiee might be enumerated, were all the 
combinations of minerals observed in granite separately dis- 
tinguished. Very frequently Garnet, Zircon, Beryl, Topaa, 
Tourmaline, Actjnolite, and other simple minerals, are found 
imbedded in it. 

110. Stboctdre of Geanite. — Masses of this rock are 
often continuous over a wide space, preserving a uniform 
character, and forming rounded hills scantily clothed with 
vegetation. The surface of the rock is usually much disin- 
tegrated, and frequently exhibits heaps of tabular or prismatic 
frt^ments, of which the edges and comers have been rounded 
by the action of the weather. Frequently no particular ar- 
rangement can be observed in granitic masses, but sometimes 
they are seen to form irr^ular beds, or to be separated by 
fissures or joints ; and these beds are divided by cracks into 



smaller prismatic parts. In the upper part of Aberdeenshire 
I have observed that the granitic mountains are very remark- 
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able for their extreme sterility and the desolate aspect which 
they present. The summits are rounded^ sometimes nearly 
fiat, to a great extent, and entirely covered by disintegrating 
blocks and stones, together with gravel and sand. Some of 
them present protuberances, consisting of granite much de- 
composed, forming tabular masses, intersected peipendicu- 
larly by fissures, and evidently portions of the mass of the 
mountain, which have either originally protruded beyond the 
surface, or have resisted disintegration. Most of the moun- 
tains exhibit perpendicular precipices near the summit, which 
generally assume the circular form, constituting the hollows 
named corries, and having a lake at their base. The rock 
near the surface, wherever it is exposed, has split into tabular 
masses, generally pretty regular, and exhibiting the appear- 
ance of strata, intersected by rectangular fissures. The true 
nature of these tables, however, is readily understood on ex- 
amining the precipices, where they are best seen, and where, 
notwithstanding, the perpendicular fissures more resemble 
the seams of strata. There is no tendency in any part to the 
concentric or globular arrangement, nor do the masses in de- 
composing ever present that appearance. Fig. 16, a, repre- 
sents the general appearance of the protubwances on the 
summits of these mountains, and Fig. 16, b, has been taken 
from a columnar mass at the upper part of the corry of Loch- 
nagar. 

As viewed from the summit of Mont Blanc, Saussure de- 
scribes the masses of the central Alps as composed of vertical 
plates, most of which range from north-east to south-west. 
These vertical beds, in so far as could be determined, are 
composed of the same substances at their summits as at their 
bases, and preserve the same nature through their whole ex- 
tent. From this he infers that the beds of granite were ori- 
ginally horizontal, and were subsequently elevated by some 
convulsion of nature. 

111. CoNNBCTioN OP Gbanite. — ^Frequently in sections 
where granite is seen in contact with other rocks, it forms 
veins which shoot up into them. This phenomenon has been 
observed by Sir Basil Hall at the Cape of Good Hope, Fig. 
17> a, where granite veins intrude themselves into the super- 
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incumbent clby-sUte, and b; Dr HfLcCnlloch at Ci^ Wrath, 

Fig. 1 7j b, the northern extremity of Scotland, where they 
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trsverae gneiss. The granite of such veins is usiudlj of finer 
texture Uian the priiicipal nuss ; but in those loige veins, 
lees tortuous in (heir course, which are named dykes, the 
ingredients eie often of very large site. In some veins of 
this kind, in the gneiss islands of the Hebrides) I have seen 
plates of micB more than eight inches in breadth, and crystals 
of felspar half a foot in length. Sometimes veins of qaarts, 
nsnally white, but sometimes brown or gre^i occur in granite, 
where they seem to have been formed by infiltration into 
fiBBures. Granite may be in contact with any of the stra- 
tified rocks, all of which, even the highest, have been found 
reposing directly upon it. The superincumbent rock is usually 
much altered in appearance and texture towaids the llae of 
junction, and this is also ftequently the case with the granite 
itself. WhUe granite sends veins into the superincumbent 
rocks, it is itself traversed from beneath by veins of Porphyry, 
Oreenstone, Basalt, and other rocks of the same nature. 

112. EcoHomcAL UBEB OF Gbanitb. — "nnstone, oxide of 
iron, auriferous iron-pyrites, copper-pyrites, galena or snlpbn- 
ret of lead, oxide of chrome, oxide of oraniom, and molyb- 
dena, are found in granite, as well as sometimes gold, silver, 
line, and other substances. Tin, however, is the principal 
metal obtained from granite, which is not so jvoductive of 
ores as many other rocks. Granite is employed in the con- 
struction of dwelling-houses, public buildings, bridges, and 
piers, for which some varieties are well adapted, being not 
only durable but superior to most rocks in appearance. Many 
granites, however, decompose rapidly, their felspar becoming 
converted into a kind of clay. The best known granites is 
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Britain for building axe those of Aberdeen and Peterhead. 
Granite is also employed in making roads^ and for paving 
streets, for both which purposes it is well adapted. " Most 
of the Egyptian obelisks," says M. Rozet, " were constructed 
of the beautiful syenite of the cataract of the Nile ; many 
immense statues of men and animals which decorate that 
celebrated country, and which are seen here and there buried 
in the sands, were made of the same stone." The Kaolins or 
porcelain clays come from the decomposition of granite, and 
the varieties that readily decompose yield sands that may be 
employed in the manufacture of mortar. Granite districts 
are usually sterile, or at least less productive than most 
others; but they often yield good pasturage, and are well 
adapted for the growth of pines. 

113. General Bemarks. — ^From the position and genei'al 
characters of granite, together with the circumstance of its 
traversing the rocks above it in the form of veins, it has been 
inferred, not only that it has been originally fluid, but that, 
since its consolidation, it has been partially fused, so as to 
form those protruding veins. Being itself traversed by veins 
of other rocks of a similar nature, or igneous origin, the 
source of these rocks must occur beneath it, although they 
may rest upon it in masses, or even upon the highest of the 
superincumbent strata. In mineralogical composition and 
characters, these rocks also approximate or pass into granite, 
so that they might be referred to the same class, were it not 
more convenient to treat of them separately, after the series 
of stratified rocks. In the regular series, Gbieiss is the stra- 
tified rock that succeeds granite, and the gradation to it is 
direct, gneiss being mineralogically the same, but distinctly 
stratified. Of this rock, and the series of which it forms the 
basis, we have next to speak. * 



Becapitulation. 

108. What rock constitutes the foundation of the stratified 
deposits "i Does Granite appear at great heights 1 Is it the 
highest as well as the lowest rockl What elevated district 
in Britain is formed by it 1 In what parts of England and 
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ScoUand does it occur 1 — 109. Of what min«als is Granite 
composed 1 Describe its principal yarieties : Graphic Granite, 
Poiphyritic Granite, Pegmatite, Whitestone, Syenite, &c — 
110. Is granite often of nnifonn character over a large space t 
What is the usual appearance of its surface 1 and of its inte- 
rior % What characters does it present in AbCTdeenshire \ 
How did it appear to Sanssure from the summit of Mont 
Blanc T — 1 1 1. What connections has granite with other rocks t 
Are the veins which it sends into them of a different texture t 
-*1 12. What metallic substances occur in granite % For what 
economical purposes is it employed 1 Of what substance have 
the Egyptian monuments been formed t How is porcelain 
e^rih formed 1 — 113. What inference has been made as to the 
nature of granite 1 Is it ever traversed by other rocks 1 What 
rocks resemble it in character 1 Which of the stratified rocks 
succeeds it in the regular series 1 



CHAPTER rv. 

OF THE PRIMARY ROCKS. 

ARRANGEMENT OF THE STRATIFIED ROCKS INTO PRIMARY, 
SECONDARY, AND TERTIARY. — ^RELATIONS OF THE PRIMARY 
ROCKS.^-<}NEISSy ITS COMPOSITION, YARIETIES, MINERALS, 

VEINS, RELATIONS, AND DISTRIBUTION. MICA-SLATE, 

CHLORITE-SLATE, TALO-SLATE, HORNBLENDE-SLATE, ACTI- 

NOLITE-SLATE, CLAY-SLATE. QUARTZ ROCK, PRIMARY 

LIMESTONE, DOLOMITE, SERPENTINE, DIALLAGE ROCK. — 
CHARACTER OF THE SCENERY OF PRIMARY DISTRICTS. 

114. Division of Stratified Bocks. — Having obtained 
some general idea of the nature of granite, that rock which 
appears to form the universal basis of the stratified series, and 
which, on account of its supposed formation at a great depth, 
and subjected to a vast pressure, has been designated as Plu- 
tonic and Hypogenous (»«*«, under, ynofMUy to be formed), we 
now enter upon those rocks which, being supposed to have 
been deposited from water, are disposed in layers or beds, 
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and are therefore aamed stbatifibd. Of these stratified 
Tocks, the lowest aenes, cbarBCteriied bj a crjBtalliiie texture, 
and never containing remuns of plants or animalB, are named 
Primary, Fig. 18. This term has no reference to the prioritjr 
of their formation, but ie used to expreas the order of their 
occurrence, they being the FIB8T aft«i granite. These lower 
or primary fonuationa, being found to differ from those lying 
flbove them in containing no oi^anic remains, in being highly 
crystalline, in presenting no pebbles or tolled stones, sand, 
flags, or angular fragments, although yet divided into strata, 
like the upper rocks, are by some supposed to have been depo- 
sited in a sedimentary form, but afterwards idtered 1^ the 
action of heat, and have therefore by Mr Lyell been termed 
Mbtamobphic (/htm, a preposition denoting change, /w^n. 



form). A series of strati&ed rocks, containing o^auic re- 
mains, extenda from these ptimaiy strata to the surface, and 
is divided into two subordinate groups, tbe Secondary, Fig. 
18, S, and Tebtiaby, Fig. 18, T. These wiU form the sub- 
jects of two succeeding chapters, while the present will be 
devoted to the Fbihary. 

lis. Preliminary Remarks. — Pre^ous to entering on 
onr subject, it is necessary to present a few explanations 
having reference to it. The Primary Rocks may be distin- 
guished, Ist, by their inferior position, when other members 
of tbe series are present ; but as a secondary rock may be 
found in contact with granite and Testing upon it, this cha- 
racter is not of itself distinctive ; 2dly, by this comparatively 
inclined position, which however, is not general, for a pri- 
mary rock may often be nearly horizontal, and a secondary 
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rock highlj inclined ; 3dly, by theii crystalline aqiect, wMch, 
howerer, ia not abaolntelj peculiar, as serenl aecondarf rocka 
present the same appearance ; Ithly, by the abaeace of rolled 
fragments or sand ; and, Sthlj, by that of organic temaina. 
Many difficulties mml occur to the student, but these he may 
surmount by patience and minute inqniry. In some text- 
booka and lectures, matters are repreaented so regularly and 
methodically that after he has xeceived bis iustructJons, and 
betaken himself to the hills to apply hia knowledge to nature 
he finds every thing so difierent from what he had anticipated 
that he can haidly recognise a single substance. Gneiss, 
micB-filate, chlorite- slate, hornblende- si ate, actinolite-elate, 
and serpentine are pecoliar to this aeries, and therefore can- 
not be mistaken ; but quartz-rock sometimes resembles the 
sandstones of the secondary series, and clay-slate has occa- 
sionally the aspect of shale or slate-day. Some secouduy 
limeslonea also are aa crystalline as the primary, some of 
which again are compact or even earthy ; while jasper and 
flinty-slate ate common to both classes. The connections of 
these rocka must therefore be examined before their nature 
can be ascertained. 

116. Sfeoibb op Psihart Books. — Although Gneiss fre- 
. qnently occupies the lowest place in the series, anothet mem- 
ber may present itaelf in that position, and the arrangement 
of the primary locka doea not shew that regularity which we 
observe in the aecondory. However, we may take aa the 
most common order: — 1. 
Gneiss, 2. Mica-slate, 3. . 
Chlorite- slate, 4. Tolc-alate, 
S. Hornblende state, 6. Acti- 
nolite-alate, 7. Clay-slate ; 
to which ore added Lime- 
atone, Serpentine, Diollage 
Bock, and Quarti Rock. The 
accompanying diagram is in- 
tended merely to facilitate 
the recollection of their 
namea. Mr BakeweU re- 
marks that Granite, Gneiss, and Mica-slate might with pro- 



PRIMARY ROCKS. GNEISS. 93 

priety be regarded as belonging to one formation, they being 
composed of the same materials varying in different proper- 
tionsy passing into and alternating with each other in various 
situations. But Hornblende-slate passes into and alternates 
with gneiss and syenitic granite, as well as with clay-slate, 
and therefore has an equal claim to be included in the same 
family. 

117« Onbiss. — Being composed of felspar, quartz, and mica, 
or hornblende, arranged in parallel laminse, this rock might 
be called stratified granite. The size and colour of the com- 
ponent minerals differ as in that rock, although the crystals 
are never so large, and gneiss exhibits as many varieties as 
granite, although they have not been distinguished by parti- 
cular names. Three principal kinds, however, may be pointed 
out. 1. Sometimes the laminee are so indistinct, although the 
scales of mica shew some uniformity in their direction, that 
it is impossible in a small space to distinguish the rock from 
granite ; but when viewed on the large scale this variety, which 
is named Gbanitic Gneiss, is seen to be disposed in strata. 
2. In Slatt Gneiss, the texture is usually minute, and the 
scales of mica or crystals of hornblende, form small laminse, 
rendering the rock easily fissile. This variety, by losing the 
mica or hornblende, passes into quartz-rock, beds or layers of 
which sometimes alternate with it 3. On the other hand, by 
the disappearance of the felspar, it passes into mica-slate. 
Sometimes the ingredients form plates of considerable thick- 
ness, and the laminse of quartz and felspar, which are the 
largest, being variously coloured, give rise to much diversity 
of aspect. This kind is named Laminar Gneiss. The gra- 
nitic variety sometimes contains large crystals of felspar, and 
thus becomes porphyritic. 

Gneiss contains garnet, actinolite, epidote, quartz, felspar, 
hornblende, calcareous spar, tourmaline, zircon, hematite, 
molybdena, and several other minerals. Strata or beds of 
limestone, hornblende-slate, and other rocks of the primar}' 
series, alternate with, or are imbedded in it. Veins of granite, 
porphyry, greenstone, and other rocks of igneous origin, occur 
in gneiss, which, as Professor Jameson remarks, is one of the 
most metalliferous of the series, the great iron-mines in Nor- 
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way^ Sweden^ and Lapland, and the most valuable mines in 
Saxony, Bohemia, and Salzbuig, being situated in it. The 
lead veins of Strontian in Aigyllshire are in this rock. 

In Britain it forms extensive tracts in the middle and 
northern divisions of Scotland, and in its islands. In many 
parts of the globe it occurs very abundantly, as in Brazil, the 
United States of North America, Sweden, Norway, Saxony, 
Bohemia, the Hartz, Southern Alps, and Pyrenees. It is of- 
ten found immediately succeeding granite, and placed beneath 
other primary strata, but it may also succeed these, or alter- 
nate with them. The dimensions of its strata are often very 
great, but frequently also the layers are very thin, especially 
where hornblende-slate is abundant. The strata are often 
contorted in a very remarkable degree, and frequently are in- 
tersected by granite veins so as to render it difficult to say 
whether the rock be granite or gneiss. 

118. Mica-Slate. — Supposing one of the constituent mi- 
nerals of gneiss to have disappeared, namely, its felspar, there 
would remain the materials of which mica-slate is composed, 
that rock being a compound of mica and quartz, arranged in 
parallel laminss, the mica sometimes predominating, and 
sometimes the quartz. This rock passes into gneiss by the 
addition of felspar, into quartz-rock by the diminution of its 
mica, into chlorite-slate by the substitution of chlorite, and 
into clay-slate by the comminution of the particles or scales 
of mica, and the disappearance of its quartz. It forms various 
other transitions, and although often lying upon gneiss, is 
uncertain as to its position, for it may occur as beds in that 
rock, or in connection with any other of the series, and it is 
often associated with, and graduated into quartz-rock. Se- 
veral varieties of this rock are enumerated by authors, but 
the principal are the following : — 1. LIminab Mica-Slate, 
formed of mica in continuous laminsB, alternating in pretty 
regular laminse with quartz also in plates, the mica usually 
predominant, and varying in colour from brownish-black to 
greenish-grey. 2. Granular Laminated, when the plates 
are formed of scales, and those of quartz of granules or crys- 
tals, the latter of them predominant, so as in the cross tnC" 
ture to present the appearance of quartz-rock. 3. Pobfbt- 
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RiTic Mica-Slate, of either of the former kinds, containing, 
crystals of hornblende, felspar, or garnet. Many modifications 
are produced by differences in the proportions, forms, and co- 
lours of the ingredients, as well as by the laminae being thin, 
thick, straight, undulated, or contorted. The quartz is ge- • 
nerally white, the mica grey, and some varieties become 
brown, others yellow, on being exposed to the weather. 

Various minerals are found intermixed in mica-slate, as 
garnet, tourmaline, schorl, emerald, cyanite, actynolite, epi- 
dote, beryl, pycnite, prehnite, oxide of iron, and iron-pyrites. 
Its strata are traversed by veins of granite and quartz, 
as well as igneous rocks of the overlying series. The 
metallic minerals which it contains, are iron and copper py- 
rites, red iron-ore, galena, blende, gold, and silver. Beds or 
layers of limestone, hornblende-slate, chlorite-slate,and quartz- 
rock, are often observed associated with it. Its strata are 
often very thin, sometimes of great thickness, and are fre- 
quently much undulated or contorted. But in cases where 
the stratum viewed as a whole, may be straight, the subor- 
dinate laminae are often singularly contorted. 

Mica-slate scarcely occurs in England, but is very abun- 
dant in the Highlands of Scotland, forming, for instance, many 
of the mountains of the Southern Grampians. It abounds in 
many parts of the Continent of Europe, as well as in Asia, 
Africa, and America. Its economical uses are unimportant, 
it being ill adapted either for building or roofing. 

119. Chloritb-slate. — This rock, which is composed of 
chlorite in foliated laminae or scales, and quartz, greatly re- 
sembles mica-slate in appearance, as well as the disposition 
of its strata and plates. It is also usually associated with 
mica-slate, into which it graduates, but it may occur also in 
gneiss or clay-slate. Its strata may be of great thickness, or 
very thin, its laminae straight, undulated, or contorted. Chlo- 
rite-slate being, as its name implies (x>.osis, green), of a green- 
ish colour, is, in this respect, easily distinguishable from mica- 
slate, although mixed varieties occur, which might be named 
chloritic mica-slate. It is also softer and more tender, usual- 
ly of a finer texture, and has a little of the greasy or sapona- 
ceous feel characteristic of talc, to which it appears to be 
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allied. Chlorite-slate may be simply foliated or laminar, 
granular and foliated, and occasionally contains felspar, 
hornblende, actinolite, mica, tourmaline^ and pyrites. It is 
abundant in the Southern Qrampians, associated with mica- 
slate and clay-slate. 

120. Talc-Slate. — This rock is of much less frequent oc- 
currence, and more limited extent, than chlorite-slate, some- 
times forming thin beds in gneiss, in connection with horn- 
blende or actinolite-slate, and sometimes passing into chlorite- 
slate, or mica-slate. It is generally associated with steatite, 
asbestus, actinolite, and serpentine ; and is essentially com- 
posed of talc, a very soft, unctuous-feeling, generally light- 
green substance, either single, or combined with chlorite, 
serpentine, quartz, or felspar. The minerals found imbedded 
in it are asbestus, actynolite, cyanite, chromate of iron, and 
pyrites. 

121. Hornblende-Slate. — ^Rarely independent, or form- 
ing extensive tracts, but usually associated with gneiss in 
thin strata, and often graduated into it, this rock is essen- 
tially composed of grains or crystals of hornblende, inter- 
mixed with felspar. It may also be found in connection 
with mica-slate, and even clay-slate, and passes into actino- 
lite-slate. The minerals connected with it are chlorite, mica, 
garnet, and pyrites. The colour of hornblende being very 
dark green or black, these are the predominant colours of 
hornblende-slate, unless when the felspar exists in large pro- 
portion, when it may impart various tints of grey, white, red, 
or green. Two principal varieties occur : 1st, Hobnblbndb- 
ROCK, or Primitive greenstone of many authors, a crystalline 
compound of hornblende and felspar, not laminar or fissile, 
but massive, although generally disposed in strata; 2dl7, 
HoRNBLENDE-sLATE, composod of the samo materials, but 
having a distinct slaty structure. Numerous varieties are pro- 
duced by the size of the crystals, their colour, the tenuity of 
the laminse, and the intermixture of other minerals, espe- 
cially mica, chlorite, or actinolite. 

Hornblende-slate, containing quartz or mica, passes into 
gneiss ; becoming very fine in the grain, it seems to graduate 
into clay-slate ; and by being intermixed with chlorite, into 
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the slate of that name. In Scotlandy it occurs ahimdantly in 
the Ghrampians^ and in many of the Hehrides. On the conti- 
nenty it is extensively distrihnted in all the primary districts, 
and often contains the same metallic ores as gneiss. 

122. Actinolite-Slate. — Less abundant than Horn- 
blende, but similar in its relations, and apparently graduating 
into it, this rock, which is composed of actinolite and felspar, 
is easily recognised by its light green colour, and the elon- 
gated form or fibrous appearance of its principal constituent 
mineral. It is often associated with chlorite-slate, into which 
it passes by interchange of substances. It is comparatively 
rare, and perhaps does not require to be separated from horn- 
blende-slate. Varieties are formed by its being composed of 
actinolite alone, or combined with felspar or hornblende, 
chlorite, talc, or mica. 

123. Clay-Slate. — ^When it occurs in beds in mica-slate, 
or chlorite-slate, this rock often appears to be of the same na- 
ture, or to be produced by the extreme attenuation of the 
scales of mica or chlorite, so that in a series of specimens, 
some will be found precisely intermediate ; and it is in con- 
nection with such rocks that it presents itself in the most 
characteristic form, the texture being finely laminated, and 
often in some degree undulated. But it also occurs in exten- 
sive tracts, forming mountains, and even whole districts, in 
which case the strata are often of great thickness. The lami- 
nar arrangement of its beds renders it capable of being split 
into thin plates for roofing. Its colours are greenish-grey, 
blue, purple, red, or yellow ; its transverse fracture irregular, 
that in the planes of its laminee, glossy or silky ; its texture 
homogeneous or minutely scaly, its streak grey, and its feel 
somewhat greasy. It is found to consist of silica and alu- 
mina, with oxide of iron, potash, and magnesia. Many va- 
rieties are enumerated, but of these some belong to the 
greywacke series, which Dr MacCulloch has very improperly 
referred to this rock. The principal varieties of primary clay- 
slate are, 1st, That of a greenish or yellowish-grey colour, 
and glistening or shining lustre, that connects this rock with 
mica-slate and chlorite-slate. 2dly, The more compact and 
less glistening kind, employed as roofing-slate, — ^not, however. 
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always characterized by dark colours, being as frequently light 
greenish or greyish as dark blue or purple ; 3dly, the amor- 
phousy or imperfectly fissile kinds. There is no end of slight 
gradations, howeyer, as the colour, texture, and lustre vary, 
as well as the composition, the rock being either pure or 
combined with mica, chlorite, talc, hornblende, and quartz. 
Clay-slate also contains chiastolite, wavellite, calcareous spar, 
garnet, epidote, cyanite, topaz, oxide of iron, and iron-pyrites, 
as well as some other minerals. Sometimes it has a fibrous 
aspect, or is dull and earthy, or black and so soft as to mark 
paper, or so hard as to be employed as a whetstone. Many 
slates of the secondary series so closely resemble varieties of 
this that they cannot be distinguished in specimens. 

Clay-slate is distinctly stratified, and its slaty cleavage is 
generally parallel with the planes of the strata, as in Fig. 
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20, a ; but sometimes the fissile tendency lies in an oblique 
direction, h ; and in some cases where the strata are curved, 
the cleavage is still parallel, c. It is very widely distributed, 
being found in many parts of Europe and America ; and con- 
tains ores of tin, lead, cobalt, silver, gold, copper, and iron. 
In Scotland, it is plentiful in the Gbrampians, in connection 
with mica-slate. 

124. QuABTz-BocK. — The mineral called Quartz occurs 
abundantly in the primary series, not only forming a constituent 
of gneiss and mica-slate, and occasionally intermixed with 
the other rocks, but traversing them in veins, or interposed 
in laminae or beds. It also appears as an independent forma- 
tion, and is stratified like the rest, the separation of its beds 
being commonly very distinct. Although the strata are some- 
times benty they never present the contortions so common in 
gneiss and mica-slate. It occupies no precise place, but al- 
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temates with all the primary deposits* When connected 
with gneiss it frequently contains felspari and when associated 
with mica-slate presents scales of mica, so that it passes into 
both these rocks. In alternating with mica-slate, the strata 
sometimes graduate into each other, but are frequently very 
distinctly defined. Sometimes Quartz-Bock is simple in re- 
gard to its mineralogical composition, being composed en- 
tirely of quartz, pure and glassy, or opaque and white, opaque, 
granular, or crystalline, in various degrees, and the varieties 
of this kind may be white, bluish-grey, yellow, brown, or red. 
More frequently it is composed of quartz, with felspar, mica, 
or clay-slate, and is variously laminated, sometimes finely 
granular or scaly, and sometimes presenting a kind of frag- 
mentary texture. Few minerals occur imbedded in Quartz- 
Rock, the principal being hornblende, garnet, oxide of iron, 
titanite, iron-pyrites, and occasionally galena, copper-pyrites, 
and blende. In many parts of Scotland, as in Jura, Isla, 
Shetland, Sutherland, and Inverness-shire, it occurs abun- 
dantly, as is also the case in primary districts on the Conti- 
nent. 

125. Pbimary Limestone. — This rock presents itself un- 
der many different aspects, and occurs in every member of 
the series, so that no particular position can be ascribed to 
it. The strata present the usual appearances, and may be 
very thin, or of great thickness, sometimes in mere laminae 
intermixed with other rocks, or in irregular masses or no- 
dules. When interstratified with micarslate, it often con- 
tains so much mica as scarcely to be distinguishable from that 
rock. The strata are frequently bent, or even contorted, but 
present no remarkable variations of structure besides the la- 
minar. The texture varies from crystalline of every degree 
to compact, and the mineral composition is simple, although 
the rock is often much modified by the occurrence of various 
minerals. The simple kind, or that composed exclusively of 
crystals of carbonate of lime, may be pure white, grey, bluish- 
grey, greenish, reddish, or yellowish. It may be crystalline, 
with very large, middle-sized, or small crystals, or compact 
and splintery. In the kinds composed of two ingredients, 
mica, day-slate, hornblende, sahlite, talc, serpentine, garnet, 
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quartz, felspar, iremolite, and actinolite occur, modifying the 
aspect of the rock so as often to produce highly ornamental 
Tarieties. Sometimes these ingredients are found together, 
and some limestones have a fragmentary structure^ being 
composed of pieces of limestone agglutinated, or of fragments 
of quartz, clay-slate, or other primary rocks imbedded in 
limestone. Owing to this intermixture of substances, the 
varied tints of the carbonate of lime itself, and the frequent 
intersection of the strata by veins, often very minutely ra- 
mified, and generally c<)mposed of pure white limestone, a 
vast variety of colouring is produced. Very numerous simple 
minerals occur in this kind of limestone : hornblende, acti- 
nolite, asbestus, talc, chlorite, mica, quartz, sahlite, augite, 
tremolite, serpentine, steatite, garnet, stilbite, emerald^ oli- 
vine, pyrites, titanite, and others. 

In Scotland, primary limestone occurs abundantly in the 
Ghrampians, the Hebrides, and other parts, — some of the va- 
rieties, as those of Glentilt and Tiree, being used as orna- 
mental stones. The term Mabble is applied to every lime- 
stone finely coloured and capable of receiving a high polish, 
or of being worked into statuary, the pure white crystalline 
kinds being those employed for the latter purpose. A de- 
scription of all the varieties of marbles employed in ancient 
and modem times, would form a large treatise. 

Dolomite, or a variety of limestone, having in its compo- 
sition a large proportion of magnesia, although it occurs in 
great masses in the Alps, Appenines, Carinthia, and other 
parts of the world, is yet not generally ranked by geologists 
as a distinct primary rock. It presents itself also in the se- 
condary series, under the name of Magnesian Limestone. 

126. Sebpentine. — The only rock that remains to be de- 
scribed as a component of the primary series, is Serpentine, 
which is seldom very decidedly stratified, and differs from the 
unstratified rocks in not presenting branches or veins inter- 
secting the strata with which it is in contact. Its masses 
vary in extent from a few feet to several miles, and have been 
observed in gneiss, hornblende-rock, clay-slate and limestone. 
When in contact with mica-slate or clay-slate, it is changed 
' Ve junction with these rocks into talc or potstone ; and 
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when in contact with limestone, the two substances are usual- 
ly much intermixed. Although it presents a great variety of 
colours^ it is easily distinguished, being of a compact, homo- 
geneous aspect, with a splintery or conchoidal fracture, dull, 
and somewhat greasy. Its more common colours are dark 
green, greenish-grey, or yellowish ; but it is often variegated, 
and spotted with red. When opaque, it is named Common 
Serx»entine, when translucent, noble or precious serpentine. 
The minerals which occur imbedded in It are asbestus, amian- 
thus, diallage, steatite, hornblende, actinolite, calcareous spar, 
chromate of iron, and many others. 

Serpentine occurs rather abundantly in Scotland, and in 
Cornwall, where, as Dr Boase remarks, ** it is proved to be 
a compound of diallage and felspar, or perhaps rather of com- 
pact felspar, by its frequent transition into euphotide. This 
rock exhibits a great many varieties; some of which are 
hard, whilst others are so soft as to yield to the nail. This 
difference appears to depend on the felspar base, which under- 
goes several modifications, between a crystalline, compact, and 
granular state, as seen in the precious, common, steatitic, and 
oleaceous serpentines. The accessary mineral, diallage, also, 
imparts characters to the serpentine, according to which, it is 
intimately combined with the base, or is disposed in distinct 
forms." 

127. Diallage Bock. — ^Euphotide or Diallage Bock, is 
composed of felspar and diallage, both very crystalline, and 
generally distinct, in the form of crystals of various sizes, ag- 
gregated together in the manner of granite. Sometimes, the 
crystals becoming very small, it assumes a slaty texture ; and 
sometimes the felspar entirely disappears. It is frequently 
intersected by thin veins or laminsB of talc, chlorite, or mica. 
The colours of the diallage are pale greyish-green, light green, 
grey, brown, purple, or black ; and those of the felspar, white, 
gi^ey* greenish, or purplish. It passes into talc-slate and 
chlorite-slate, on the one hand, and into serpentine on the 
other. The strata vary in thickness, from a few inches to 
many yards, and are associated with gneiss, mica-slate, clay- 
slate, or serpentine. The minerals which it contains are 
chiefly talc, chlorite, asbestus, actinolite, and steatite. It 
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occurs abimdonily in Cornwall^ and in the Shetland Islands, 
as well as in Norwaji Germany, Switzerland, and Italy. It 
is esteemed as an ornamental stone, being cut and polished 
like serpentine, with which it is sometimes intermixed. 

128. Character of the Scenery of Primary Districts. 
— The nature of the surface produced by these various rocks 
presents numerous varieties. Granitic mountains are often 
rounded, and more or less elongated, or of a massy form, and 
connected into groups, having a central portion from whicli 
ramifications extend in all directions, gradually declining to- 
ward the plains. The hollows or passes in the main-ridge 
are deep, the valleys usually commence with an abrupt hol- 
low or corry, are extremely numerous, and join each other at 
every degree of inclination. In the elevated regions they are 
narrow, with steep sides, but in mountains of mean height 
they are wider with gentle slopes. The slopes and even the 
summits are frequently covered with granite blocks of aU. 
sizes, heaped upon each other, sometimes rounded by de-' 
composition, but often fresh and angular, or shooting into 
elongated points. Granitic Gneiss constitutes the central 
part of the great chain of the Alps, in which the mountains 
present abrupt precipices and ridges rising into points so slen- 
der that they are called Needles ; the valleys are narrow, 
and all commence with a very wide amphitheatre, having the 
sides highly inclined ; the secondary valleys are still nar- 
rower, and are often merely deep fissures. All the moun- 
tains, whatever be their form or height, compose masses nn* 
connected with each other, all having a central part from 
which all the rest diverge, gradually declining in height the 
farther they proceed, and giving off inferior, ramifications, 
which lose themselves in the valleys and plains, or abut 
against those of other masses. Each central part is sur- 
rounded by a number of large amphitheatres, forming the 
commencement of the valleys that run between the different 
branches. In the Yosges, where the mountains are much 
lower, they present rounded outlines, few precipices, and no 
serrated ridges; but these mountains always form masses, 
each having a central part from which all the rest diverge. 
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When gneiss has little elevation^ it presents groups of hills 
having similar characters. 

The Mica-slate formation having the strata much undu- 
latedy the surface of the ground presents rounded and wavy out* 
lines, with few elevated projections, but often platforms of 
great extent. Mountains of this rock are commonly disposed 
in groups, of which the central part is occupied by gneiss or 
granite. The summits rise above each other as we approach 
the centre of the group, and it is seldom that two neigh- 
bouring summits attain the same height. The declivities are 
cut by numerous ravines, and often disposed in the form of 
terraces. 

Talc-slate mountains are not of great height, and pre- 
sent platforms declining gently toward the valleys, of which 
the slopes are sometimes covered with transported blocks. 
These mountains are especially remarkable for their laxge 
cracked and serrated masses, of most fantastic form, and so 
inclined as to threaten destruction to the traveller. 

The above account is condensed from M. Bozet's Traits 
El^mentaire ; but it will be seen that he considers the Cen- 
tral Alps as gneiss, while most other geologists admit them 
to be granite. In Scotland, as I have observed, the granitic 
mountains are characterized by rounded summits, covered 
with decomposed fragments, through which protrude here and 
there fissured masses of the rock. The valleys are of mode- 
rate width, precipitous at their commencement, with semi- 
circular hollows, but subsequently with gentle slopes, usually 
furrowed deeply by the streams. The Gneiss mountains are 
much more rugged, often precipitous, but seldom presenting 
continuous escarpments of great extent. Those of mica-slate, 
which are clothed with a more abundant and more verdant 
vegetation, yet often present very rugged slopes, and serrated 
outlines, which are still more remarkable in the chloritic 
mica-slates, as in Glencroe. The quartz-bock hills are very 
bare, and sometimes exceedingly abrupt, but often less preci- 
pitous than those of mica-slate. The granite districts are the 
barest, and their vegetation is heathy, but in the lower parts 
often covered with fir woods ; those of gneiss are remarkable 
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for the accumulation of peat in favourable places, and theii 
vegetation is chiefly of heath and carices. Grass and mosses, 
with alder, oak, birch, and other deciduous trees, characterize 
the micaceous hills, which produce the alpine plants in greater 
profusion. 

129. Concluding Bbmabks. — Having thus enumerated 
and briefly described the primary strata, we may now offer 
some general observations respecting them. It was at one 

* time supposed that these rocks followed each other in a regu- 
lar unvarying order ; but this idea has been found incorrect, 
** principally," as Dr Boase remarks, ** through the labours 
of DrMacCulloch, who taught us that these slates are arranged 
in Scotland in every possible sequence ; and his statement 
has since been confirmed by observations made in other coun- 
tries. Indeed, when we consider how few minerals enter 
into the composition of the primary slates, and the infinite 
but similar varieties of modes in which these are united, and 
the perpetual fluctuation or transition of these minerals into 
each other, it is not surprising that they are associated toge- 
ther in series of endless permutations." 
. The primary strata present themselves in all degrees of in- 
clination, but are very seldom horizontal. They are traversed 
by Ve-ins of granite, which are generally of a smaller grain 

' than the main body, but sometimes, especially when of great 
size, of much larger crystals. When slaty rocks are in ccm- 
tact with granite veins, they are frequently much harder, 
more crystalline, and less slaty. Sometimes the veins are in- 
timately united with the rocks which they traverse, but gene- 
rally they are separated by a seam or joint. Fragments of 
gneiss and other rocks are often found detached in granite 
veins, and fragments of granite in like manner occur in the 
rocks traversed by it. Granite veins have been sometimes 
traced to the mass of granite, when they appealed to be in 
p^ect union with it, but sometimes to pass through it as 
well as through the other rocks. These granite veins do not 
pass beyond the primary strata. 

. ; .Th^se strata are also traversed by veips, generally of large 
size, and then called dykes, of greenstone, porphyry, and 
other rocks belonging to the trap or overlying family. The 



RECAPITULATION. 105 

« 

nature of these bodies, and the phenomena which they.present, 
will be elsewhere described. 
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114. Why is granite called plutonic or hypogene 1 What 
rocks succeed granite % In what respect do the primary differ 
from the secondary rocks 1 Why have they been called -Me- 
tamoiphict — 115. How may the primary rocks be distin- 
guished 1 What species are peculiar to the series 1 What 
kinds are common to it and the secondary 1 — 116. Are the 
primary rocks regularly superimposed upon each other 1 — 
117- Give an account of the composition of Gneiss, its three 
principal varieties, the minerals contained in it, the veins by 
which it is intersected, and the countries in which it occurs. 
— 118. What is the composition of Mica-slate 1 Its principal 
varieties, and the minerals contained in it! — 119. Def^cribe 
Chlorite-slate 1 — 120. What are the characters of Talc-slate ! 
— 121. What are the nature and varieties of Hornblende- 
slate 1 — 122. Describe Actinolite-slate. — 123. What are the 
characters, connections, and varieties of Clay-slate 1 — 124. 
Give a general account of Quartz-rock. What are its com- 
position, imbedded minerals, and distribution! — 125. Has 
Primary Limestone any particular position with reference to 
the other rocks. What are its texture, composition, colours, 
imbedded minerals, and distribution 1 What is the nature of 
Dolomite 1 — 126. Give an account of Serpentine, its transi- 
tions, varieties, and distribution.— 127. Describe Diallage 
Bock. — 128. What peculiarities of surface and vegetation 
belong to the different rocks of the primary class 1 — 129. 
Why do the primary rocks so readily pass into each other 1 
What appearances do granite veins present in traversing these 
rocks 1 Are they penetrated by other veins. 
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CHAPTEK V. 

OF THE SECONDARY ROCKS. 

CLASSIFICATION OF THE SBOONDABT STRATA. PHBNOHSNA 

OF STRATIFICATION. ARRANGEMENT INTO LOWER^MIDDLE, 

AND UPPER SECONDARY. LOWER SECONDARY ROCKS : 

CLAT-SLATE OR ORETWACKE, AND SILURIAN SYSTEMS. 



130. Classification of the Secondary Strata. — ^The 
great series of the Secondary Strata includes all the deposits 
intervening between the non-fossiliferous stratified rocks, 
and the upper surface of the Chalk or Cretaceous System. 
These deposits are variously grouped and sub-divided by geo- 
logists, some instituting a Transition Class for the lower part 
of the secondary series, others considering the non-fossilife- 
roos stratified rocks and some of the lower fossiliferous rocks 
as together constituting the Primary series. Let the accom- 
panying diagram represent 
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the series of strata from gra- 
nite to the surface. We 
have, 1. The Fundamental 
Bock, Granite and its varie- 
ties ; 2. The Primary or non- 
f ossiliferous stratifiedRocks ; 
3. The Secondary Bocks, or 
the fossiliferous strata, in- 
tervening between the pri- 
mary rocks and the upper 
limit of the chalk ; 4. The 
Tertiary Bocks, or those 
surmounting the chalk; 5. 
The Alluvial. But these 
strata might be differently 
2^»£&cm«n/2E^. grouped. Thus, the Prima- 
ry and Fundamental Bocks 
might be named the Infe- 
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KioR or Primitive ; the next or Greywacke series might be 
denominated submedial ; the Mountain Limestone and Coal 
Systems might be considered as Medial ; the strata above 
coal, including chalk, would be stjpermedial ; while the Ter- 
tiary and alluvial might aptly be named the Superior. 

"Various other arrangements have been employed. Thus, 
Mr De la Beche divides the crust of the earth into two series, 
the Stratified and Unstratified. The former he arranges into 
ten groups: — 1. The Modem Group; 2. The Diluvial; 3. 
The Supercretaceous ; 4. The Cretaceous ; 6. The Oolitic ; 
6. The New Ked Sandstone ; 7- The Carboniferous ; 8. The 
Greywacke ; 9. The Inferior Fossiliferous ; 10. The Inferior 
Non-fossiliferous stratified Series. In the Traite Elementaire 
of M. Bozet, one of the most recent works on this subject, 
the arrangement is as follows : — 1. The first period comprises 
all the formations dependent upon causes at jiresent in action ; 
all the products of the phenomena which are now taking place 
at the earth's surface. 2. The second, all the old great de- 
posits of transported matters, or diluvium, which contains 
abundant remains of large terrestrial mammalia of species 
not now living. 3. The third, all the stratified deposits com- 
prised between the diluvial system and the Chalk-Formation, 
perfectly recognisable in all countries of the earth. 4. The 
fourth period contains the Chalk-Formation, and all those 
which follow in the descending series, down to the great Coal* 
Formation, on which the strata of the groups of this period 
are generally placed in discordant stratification. 5. In the 
fifth period we place the Coal-Formation, and all those which 
are inferior to it until we come to the crystalline stratified 
rocks. 6. Our sixth period comprises all the stratified crys- 
talline rocks; the talc-slates, mica-slates, and gneiss, in 
which no organic remains have hitherto been found. 

The arrangement adopted in this treatise nearly corres- 
ponds with the above : The Primary series being the 6th of 
M. Bozet's arrangement; the Secondary including his 5th 
and 4th ; the Tertiary being his 3d ; and the Alluvial being 
his 2d and 1st. Before proceeding to give an account of these 
strata, some circumstances having reference to them may be 
adverted to. 
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131. Fbbnohena or Stkatification. — Strata may be ho- 
lizontal, as is repreaenled hy Fig. 22. a a ; but this veiy carel; 
happens, they being genenlly more or less incUned. The in- 
clinatian from the horizontal position is called the dip. Thus, 
at ( b, the strata incline or dip at an angle of about 45°, The 
direction or btbike of the strata is indicated bj a horizoatsl 
line at right angles to the dip. When strata protrude »boTe 
the surface, or appear oncorered, thej are said to ckop out, 
Thej are said to be conpoiuiable, when their planes are pa- 
rallel, whatever their dip ma; be, as in aa; imCONFOBHABLB, 
when a set of strata are connected witb another, so thai the 
planes of stratiScation of the one series have a different di- 
rection from that trf the other series. 



Thus, the strata, a a, being horizontal, ate not conformable to 
the strata 6 6, on which the; lie, these latter being much in- 
clined. When the strata are dislocated, so that on one side 
of a fracture or line of accidental separation, e c, the^ no 
longer correspond with those on the other, although Ihej 
had evidently at one time been continuous, there is pro- 
duced what is called a fault. A dyke, d d, is a wall of rock 
interposed between the twD sides of a dislocation, and ge- 
nerally composed of some igneons rock, snch as granite, 
greenstone, or porphyry. 

When several strata of the same kind of rock alternate with 
strata of another rock, occurring as it wore occasionally vt 
irr^ularl; ; or when strata of different kinds pass into each 
other, but all contain similar organic remains, the strata are 
considered as of nearly contemporaneous origin, and collec- 
tively constitute what is called a Foshation. 
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132. Abrangembnt Adopted.— The Secondary Strata in- 
tervening between the Primary and the 
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% upper surface of the Chalk-Formation, 
l^may be divided into three series: the 
$S Lower, Middle, and Upper. The lower 
series includes two systems, the Grey- 
^ wacke System, and the Silurian System ; 
Hg the middle series is composed of the Car- 
^^^ boniferous System, including the Coal- 
j| Formation ; and the upper series contains 
three systems, the Saliferous or New Red 
Sandstone, the Oolitic, and the Cretaceous 
or Chalk. Each of these systems is com- 
posed of a series of strata, often very dif- 
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ClaT/slabek: § ferent from each other in chemical and 
Greytv(LGke, ~ ^ mineralogical characters, but agreeing, 
-n. ,^n ^^ -^ r-rr-.l either by mutual transition, or by a com- 
■^*y-^3- munity of organic remains, so as to consti- 

tute a whole distinct from the other systems. 

OF THE LOWER SECONDARY ROCKS. 
8UBMEDIAL OR TRANSITION. 

133. General Remarks. — The Primary Rocks described 
in the preceding chapter often form masses or mountain- 
ranges, rising to a great elevation, and uncovered by other 
rocks. Or, they may be covered by rocks of the secondary 
series, or merely by beds of clay and gravel, or by lava and 
other volcanic products. But frequently, they are succeeded 
by rocks bearing a close resemblance to some of them, al- 
though differing in being often fragmentary, and in contain- 
ing organic remains. These rocks, named by some Transi- 
tional, on account of their forming the gradation from the 
primary non-fossiliferous, to those abundantly supplied with 
remains of animals and plants, occur abundantly in Scotland, 
England, and Wales, where they compose the highest ranges, 
exclusive of the Grampians. They are divided into two se- 
ries or systems, one named the Ghreywacke System, the other 
the Silurian System. 
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Clay-slate and Geeywacke System. 

134, Extent and Relations. — ^Independent of the strata 
of clay-slate immediately coimected with mica-slate and other 
primary rocks^ a more extensive series of the same nature 
occurs, which is generally associated with greywacke and 
other rocks of a less crystalline texture than the primary. 
" Few mountainous districts," says Professor Phillips, " are 
wholly devoid of argillaceous primary rocks ; but these de- 
posits are not at all to be compared in extent with the older 
mica-slate and gneiss formations. The gneiss and mica-slate 
of the Alps, Pyrenees, and mountain borders of Bohemia, 
are not entirely unaccompanied by such argillaceous deposits, 
any more than the Scandinavian and Highland chains, and 
the north-western primary tract of Ireland ; but the principal 
masses of the clay-slate system lie apart in the Hartz and 
Ardennes, in Brittany and Cornwall, the Welsh and the Cum- 
brian mountains, and the ranges of Lammermuir and Donne- 
gal ; yet under all these slate tracts lies the fundamental gra- 
nite, and similar veins pass from it into the argillaceous co- 
vering. In some parts, as in Cumberland (Skiddaw), and in 
the Isle of Anglesea, slight traces of the older stratified rocks 
appear below the clay-slate ; but the general fact appears to 
be, that the deposition of the two systems was influenced by 
different physical conditions related to different geographical 
centres." In Britain, it is in Cumberland and North Wales 
that this system of rocks presents itself in the highest deve- 
lopment, and the series observed in these districts have been 
named by Mr Sedgwick, the Cumbrian, which is the lower 
group, and the Cambrian (or Welsh), which is the upper of 
the clay-slate series. 

135. Cumbrian Group. — This series, of which the thick- 
ness is stated to be upwards of 3000 feet, is arranged into 
three divisions : 1. Hornblendic Clay-slate, a rock not 
composed of hornblende and felspar, like the primary horn- 
blende-slate, but by clay-slate, in which are interspersed 
crystals of hornblende and actinolite. 2. Chiastolite-Slate, 
or rather clay-slate, dark coloured, and generally soft, con- 
taining crystals of the mineral called Chiastolite ; and, 3. 
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Clat-SlatB; of a dark colour, laminated texture, and, like 
the other rocks of this series, destitute of organic remains. 

136. Cambrian Qbdup. — This series is also divided into 
three subordinate groups, which, in Cumberland, have a thick- 
ness of upwards of 3000 feet : 1. Snowdon Bocks, of va- 
rious colours and textures, varying from fragmentary to the 
finest roofing-slate ; 2. Bala Limestone, a dark-coloured slaty 
limestone, in Westmoreland 100 feet thick, and both there 
and in Wales containing organic remains ; 3. Plinlimhon 
B.OCKS, greywacke of various qualities, sometimes fine and 
slaty. In Cumberland, its thickness is estimated at 3000 
feet or more. This Plinlimmon Bock corresponds with the 
Ghreywacke Bange of the Lammermuir, extending from St 
Abb's Head, on the east coast of Scotland, to the Mull of 
Galloway. In the latter district, the author of this Treatise 
found it presenting the following appearances. 

136. Gretwacke Sbbies of the Lammermuir Bange. — 
The central and most elevated portion of this district is com- 
posed of greywacke, greywacke-slate, clay-slate, and slate- 
clay, passing into each other, or alternating, distinctly stra- 
tified, often laminar, and frequently presenting plates of ex- 
treme tenuity. The general direction of the strata is from 
south-west to north-east. They are usually much inclined, 
sometimes vertical, and not unfrequently horizontal, but pre- 
sent every degree of inclination. The composition of the 
greywacke presents considerable variety. 

Sometimes it is a very closely aggregated fragmentary rock, 
<M>mposed of white crystalline quartz, brown and red jasper, 
black Lydian stone, grey or bluish flinty-slate, and pieces of 
dark-coloured shale impacted in a fine-grained greyish basis. 
The fissures are filled with indurated argillaceous matter, and 
dark green unctuous earthy chlorite. Particles of mica and 
felspar are sometimes seen in the mass, of which the aggre- 
gation is often less perfect when it approaches in character 
to a conglomerate. 

More frequently, when the rock is large-grained, it is of a 
bluish-grey colour, mottled with white, more crystalline, but 
still evidently fragmentary. The basis is small-grained, grey, 
with large fragments of compact or slaty rocks of the same 
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colour, or sometimes of dark shale, interspersed. The im- 
pacted substances are white and grey quartz, with very few 
fragments of a different colour, sometimes small crystals of 
calcareous spar, and a few particles of mica. Veins of quartz 
and calcareous spar often intersect this yariety. 

From this it passes into a rock, presenting at first sight, on 
its recently exposed surfaces, the appearance of a greenstone, 
but still composed of the same ingredients. The layers are 
usually thin, varying from a foot or more to a few inches. 

Less aggregated, or more decomposed and earthy, the rock 
assumes a dull-red colour, presenting the appearance of a 
sandstone, but very readily distinguishable by its other cha- 
racters. The fissures often present a ferruginous clayey mat- 
ter, and the rock is less tenacious. 

Next, it becomes very fine-grained, with numberless glis- 
tening points, and very readily splits into plates an inch or 
less in thickness, the interior of which is not laminar, but 
yields an uneven or conchoidal fracture in whatever direction 
it is broken. This variety is the conmion greywacke-slate. 

The laminse becoming smaller, and the texture finer, with 
a lamellar disposition, the greywacke passes into clay-slate, 
which is glistening with minute points, but does not present 
the glossy surfaces of the primitive clay-slates, which seem 
to form a passage from the micaceous and chloritic slates. 
The greywacke clay-dlates are always easily distinguishable 
from the primitive, although their colour may be nearly the 
same. They are never so hard, their laminss are less cohe- 
rent, and they decompose more readily. 

Becoming still finer, and assuming a black or grey tint, 
without lustre, the slates pass into shales resembling those of 
the coal-formation, from which they often cannot be distin- 
guished in hand specimens. Having the same carbonaceous 
aspect, with shining surfaces, they become glossy alum-shale, 
as in the ravines of Hartfell and White Coom. 

All these varieties, but especially the slates and shales, 
have a tendency to break into rhomboidal fragments, of which 
the acute angle is about 65''. Quartz, calcareous spar, heavy 
spar, chlorite, iron-pyrites, and galena, are found in veins and 
nodules. 
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In form the hills approximate in a considerable degree to 
many of the granitic masses of Aberdeenshire, but they never 
present the precipices and corries which characterize the more 
elevated of the latter. The whole district, with its rounded, 
smooth-sloped mountains, connected in elongated heaps, its 
long, narrow, straight, or slightly tortuous valleys, its argilla- 
ceous and pebbly soil, its clear and rapid streams, and its 
grassy vegetation, with the absence of natural wood, and the 
scarcity of artificial, forms a strong contrast to the mountain- 
ous districts of the middle and northern divisions of Scotland, 
in which peaked, serrated, and ridgy mountains, with crags 
and corries, rugged and winding valleys, slopes covered with 
debris and patched with heath and brake, brown or limpid 
streams fringed with alder and birch, rivers and lakes with 
cataracts and islands, dark forests of pines and thickets of 
briars, with other remarkable features, characterize a primary 
region. 

137. Minerals and Organic Remains. — No organic re- 
mains have been found in the lower or Cumbrian series of 
slates, but in the limestone interposed between them occur 
some corals and shells. Organic remains are more numerous 
in the Bala Limestone, and consist also of shells and corals. 
With these lower secondary rocks are associated, in veins, 
dykes, and irregular masses, granite, syenite, porphyry, and 
greenstone, of various kinds. Mineral veins, containing ores 
of lead, silver, copper, iron, zinc, manganese, cobalt, anti- 
mony, and bismuth, also occur, and are especially abundant 
in the slate district of Cornwall, which some consider as be- 
longing to the Cambrian or Gbreywacke system. According 
to Dr Boase, the slaty rocks of Cornwall " may be divided 
into two series, the porphyritic and the calcareous ; the former 
including those rocks which occur next the granite, and con- 
tain porphyries and other granitic rocks in the form of regu- 
lar beds or elvan-courses, and which abound in veins of tin 
and copper ores ; the latter comprising those rocks which are 
more or less remote from the granite, contain no el vans, 
but abound much more in greenstone, especially its obscure 
varieties, and in dark-coloured limestones, sparingly metalli- 
ferous, containing no tin, but productive of lead and anti- 
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mony, and, lastly, possessing occasionally organic remains. 
The rock in contact with granite has been called argillaceous 
schist on clay-slate, greywacke, or killas. Dr Boase consi- 
ders it different from clay-slate or greywacke, and divides it 
into two kinds, Cornubianite and Protbolitb. The first 
of these, most abundant in the western part of Cornwall, is 
dark blue or purple, uniform, striped, or patched, hard and 
laminated. The Froteolite is of a lighter colour, soft, are- 
naceous, slaty. They appear to be chiefly composed of com- 
pact felspar, with quartz, mica^ and schorl, and contain beds 
of that substance and of quartz. All the rocks of this series 
have a basis of compact felspar, united with hornblende, ac- 
tinolite, or chlorite, and pass gradually into each other. 
The slaty rocks which immediately surround the granite of 
Cornwall are thus Cornubianite, Froteolite, Greenstone or 
Hornblende-rock, Actinolite-rock, and Chlorite-rock. These 
rocks appear analogous in position and structure to the 
primary rocks of the north of Scotland. Another class of 
rocks, the magnesian, may be subdivided into Diallage- 
rock. Serpentine, and Talc-slate. Together with these, is 
Quartz-rock in beds. Gbranitic rocks, often occur in these 
slates as large beds or dykes, locally called elvan-coubsss. 
On comparing them with the primary rocks of Ireland, Scot- 
land, and other countries, Dr Boase concludes that they be- 
long to the primary series, and not to the transition or lower 
part of the secondary series. Other geologists, however, are 
of opinion that the Killas of Cornwall is a variety of clay- 
slate or grey wacke analogous to the Flinlimmon Bocks and 
those of the Lammermuir. 

• 

Silurian System. 

138. Silurian Bocks. — The upper part of the lower se- 
ries of secondary rocks has been named by Mr Murchison the 
Silurian system, from its being highly developed in that part 
of Wales formerly inhabited by the Silures, namely, the 
counties of Hereford, Badnor, Brecon, Caermarthen, and 
Fembroke. He divides it into two portions, the Lower and 
the Upper. 
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The Lower Silurian Bocks are : 1. Llandeilo Flags, 
1200 feet thick, hard, dark-coloured slaty, sandstones, fre- 
quently calcareous, sometimes slightly micaceous, contain- 
ing MoUusca and Trilobites, a kind of crustaceous animal. 
2. Caradoc Sandstone, red, purple, green, and white quartz- 
ose grits, and limestones, 2600 feet thick, containing Corals 
and MoUusca. 

The Upper Silurian Bocks are: 1. Wenlock Lime- 
stone AND Shale, 1800 feet thick; the former a crystalline 
grey or blue limestone, abounding in marine MoUusca and 
Crustaceous animals of the Trilobite family ; the latter a dark- 
coloured shale, with nodules of earthy limestone, and con- 
taining MoUusca and Trilobites. 2. The Ludlow Bocks, 2000 
feet thick, composed of three groups : The Lower Ludlow 
Bock, sandy, dark-coloured shales and flags, with concretions 
of earthy limestone, and containing marine MoUusca, Corals, 
and Fishes; the Aymestby Limestone, grey or bluish argiUa- 
ceous limestone, fuU of remains of sheUs and corals ; The Up- 
per Ludlow Bock, thin, grey, slightly micaceous sandstones 
and shales, containing shells and trilobites. ** The most re- 
markable fossils,'* says Mr Lyell, " are the scales, ichthyodo- 
mlites, jaws, teeth, and coprolites of fish, of the upper Silu- 
rian Bock. As they are the oldest remains of yertebrated 
animals yet known to geologists, it is worthy of notice that 
they belong to fish of a high or very perfect organization. In 
these shales many zoophytes are found enveloped in an erect 
position, having evidently become fossil on the spots where 
they grew at the bottom of the sea.'' He further states that 
the Silurian strata extend over a wide area, and closely re- 
semble those of England, and is of opinion that the lime- 
stones of Lake Michigan, and other regions bordering the 
great Canadian lakes, belong to the same series. 

139. General Bemarks. — The lower part of the first or 
lower series of the Secondary Bocks differs little from those 
belonging to the primary series ; but as we ascend the strata 
become less crystalline, and present organic remains, which 
in many of the upper limestone beds are very abundant. The 
Greywacke System is penetrated by granite veins, like the pri- 
mary series, but it does not appear that those veins frequently 
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traverse any of the rocks above it. The precise limitation of 
the Primary Kocks is scarcely yet determined, for the Cor- 
nish and Cumbrian Rocks may be claimed for either series, 
and it appears that the crystalline stratified rocks have been 
subjected to a less strict examination than the secondary. 

During the deposition of the primary crystalline rocks, it 
would seem that the primitive ocean imderwent little agita- 
tion ; but the fragmentary and sandy deposits of the lower 
secondary series indicate considerable disturbance. The great 
inclination of the strata in both, probably caused by internal 
action giving rise to the protrusion of granite and other igne- 
ous rocks, appears to shew that great convulsions had taken 
place consequently to the deposition of these rocks. Mr Ly- 
ell, however, states that the Silurian strata throughout a large 
portion of the south of Sweden are perfectly horizontal, and 
cannot have been disturbed unless " by such gradual move- 
ments as those by which large areas in Sweden and Green- 
land are now slowly and insensibly rising above or sinking 
below their former level.*' This he considers as agreeing 
with the idea that while at all periods some parts of the 
earth's crust have been violently convulsed, other spaces 
have never once been visited by this kind of movement. 



Recapitulation. 



130. What is meant by Secondary Rocks 1 Is there any 
difference of opinion as to the grouping of these deposits 1 
Mention some examples. — 131. Are the strata often hori- 
zontal 1 What are the dip and strike of strata 1 When 
are strata conformable 1 What is meant by a fault or dyke t 
How are the Secondary Rocks disposed '\ — 132. Why were 
the lowest called Transition 1 Into what systems are they 
divided T — 133. Are the Greywacke and Clay-slate rocks of 
great extent 1 — 134. What are the three divisions of the 
Cumbrian group 1 Into i^how many parts is the Cambrian 
group divided I — 136. Give a general account of the central 
portion of the Lammermuir range. What is the character 
of the scenery there \ — 137* Do any organic remains occur 
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in the Grreywacke or Slate 1 Are they productive of metallic 
ores 1 Are the rocks of Cornwall primary or secondary ! — 
138. What name is given to the upper part of this section 
of the secondary itocks 1 How is the Silurian system divid- 
ed 1 What are the lower Silurian Rocks ? Give a brief ac- 
count of the Upper. What are the most remarkable fossils 
in these rocks 1 Are the Silurian strata widely extended % 
— 139. Is there any difference in the texture of the lower 
and u^er strata of these lower secondary rocks 1 Do the 
primary rocks exhibit indications of disturbance in the ocean 
in which they were deposited 1 What may be inferred from 
the fragmentary structure of many of the lower secondaiy 
strata 1 Are the latter always highly inclined 1 



CHAPTER VI, 

MIDDLE SECONDARY ROCKS. CARBONIFEROUS SYSTEM, 

position and extent op carboniferous strata. — old 
bed sandstone^ mountain limestone, and coal-for- 
mation. — arrangement of the strata. — faults. — 

minerals and petrifications. nature and origin of 

goal.-^e0 gnomical uses.-— general remarks. 

140. Position and Extent of Carboniferous Strata. 
— The primary and lower secondary or transition rocks hav- 
ing, by convulsions arising from within the earth's crust, been 
broken up and displaced, so as to present an irregular surface, 
and degrees of inclination of their masses of strata seldom 
pireserving much uniformity over a great extent, the series of 
deposits which inmiediately succeed those last described in 
the order of superposition, does not often occur in conform* 
able stratification. In Herefordshire, however, where the 
Upper Silurian sandstones and shales gradually pass into 
the shales and sandstones of the Carboniferous system so as 
to render their separation there in a great measure arbitrary, 
the two series are parallel. The strata of the Carboniferous 
System have been found resting on Ghreywacke, Clay-slate, 
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Gneiss, and erea Granite, and, as in other cases, members of 

the series may be wanting or but partially developed. The 

secondary rocks do not continQously cover the continents and 

laige islands, but ore separated into local groups, and in Bri' 

tain, the Carboniferous System is found here and there in 

patches, one of which occupies a great portion of the low 

grounds intervening between the Grampians and the Lsm- 

mennuir range in Scotland, another, the Newcastle coal-field 

extends inwards from the east coaat of the northern division 

□f England, that of SbefGeld in the central part, and in South 

Wales is another of great extent, while less extensive patches 

are dispersed over the middle and northern districts. It oc- 

C1UH in the same manner irregularly distiibuted in Ireland, 

and is found in varioua parts 

ofEurope, America,and Aus- I 

tralia. The strata of which I 

the Carboniferous system is 

composed are Sandstones, 

Conglomerates, Shales, L 1 m e- 

atones. Ironstone, and Coal. 

This series, varying from a P 

few to many thousand feet in t 

thiclineES, in different locali- L 

ties, and seldom presenting ^ 

itself complete in any, is divi- R 

ded into three subordinate (7 

series or forroationa ; The (7- 

Old Bed Sandstoue-Formi 

tion, the Carboniferous Limi 

stone or Mountain Limestone '^' 

Formation, and the Coal-Formation. 

141. OiidRed SAHDstoHE. — As seoD olong the slopes and 
valleys of the eastern parts of the counties of Rosa and Suther- 
land, or as flanking the Grampian and Lammermuir Ranges, 
this rock presents itself as anaggregateof pebbles of all sizes, 
from the dituneter of two feet downwaids, cemented by argil- 
laceous or fermginoua matter. The pebbles are very fre- 
quently of quartz, that sabstance having better resisted the 
attrition to which it hoe been subjected, but frequently also 
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of granite, gneiss, clay-slate, jasper, greywacke, flinty-slate, in 
short, all the materials of which the preceding primary and 
transition deposits have been formed. In other cases, it is a 
sandstone of various colours, dull red, greenish-grey, light 
grey, or even white or brown, and of which the grains, gene- 
rally coarse, but sometimes fine, are composed of the ingre- 
dients mentioned above. When the particles are fine, the 
argillaceous predominant, and scales of mica interspersed, it 
becomes slaty, and sometimes contains remains of fishes. On 
the borders of the Silurian System in Wales, it assumes a 
dififerent character, being composed of arenaceous, calcareous, 
and argillaceous strata, which Mr Murchison, who estimates 
their thickness at 10,000 feet, divides into three parts: — 
1. The lower, slaty, micaceous, red and green sandstones, with 
shells of several genera ; 2. The middle, red and green con- 
cretionary limestones, with spotted clayey marls, and beds of 
sandstone, containing various marine fishes ; 3. The upper, 
red, quartzose conglomerate, lying on sandstone in thick beds, 
without organic remains. 

142. Mountain Limestone. — This formation, which in 
England lies over the Old Bed Sandstone, and under the Coal- 
Formation, and in Scotland alternates with the lower part of 
the latter, is compospd of beds of compact or often crystalline 
limestone, of various colours, bluish-grey, light grey, brown, 
or even black, and containing numerous Corals, Encrinites, 
some Echini, and abundance of univalve and bivalve shells, 
many of which belong to genera still existing, together with 
species of two extinct genera, Spirifer and Productus. Ortho- 
ceratites and other Cephalopodous MoUusca also occur, but 
no terrestrial animals or plants, the fossils of both this and 
the Red Sandstone-Formation being marine. Professor Phil- 
lips states, that in Derbyshire and the South of Yorkshire, 
the Mountain Limestone is composed of three terms : 1. The 
Upper : Millstone Grit, a coarse sandstone, with shales, and 
bad coal. 2. Middle Term : a mass of bituminous shale, in 
which locally black limestone bands and nodules of ironstone 
occur. 3. Lower : a great mass of calcareous rocks almost 
entirely free from arenaceous and argillaceous admixture. To 
this type, he states, all the Mountain Limestone of the south 
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of England, as well as of Ireland, Belgium, Dusseldorf and 
Silesia, are to be referred. In the north of England, accord- 
ing to the same authority, these three terms are compounded 
and otherwise varied. The upper group is composed of three 
millstone grit rocks, alternating with shales, laminated sand- 
stones, coal seams, schist beds, and five or more limestone 
rocks, each from 10- to 80 feet thick. The lower group con- 
sists of limestone alternating with shale and sandstoney with 
some coal. 

As this limestone receives a good polish, it is often used as 
marble, some of the varieties, especially those containing nu- 
merous organic remains, being of great beauty. It is also 
important, as containing veins of lead, zinc, and other me- 
tallic ores, almost all the lead obtained from the English 
mines being found in it. Caves of vast extent frequently oc- 
cur in it, both on the continent, and in England. Mr Bake- 
well supposes that they have been formed by the agency of 
water percolating through natural fissures, and in the lapse 
of ages excavating the softer or more broken parts of the 
rock. 

143. CoAL-FoKMATiON. — ^lu an economical point of view 
this is the most important of all the series of deposits, and in 
a geological it is of great interest on account of the multi- 
plicity of organic remains which it contains, and the various 
phenomena which it presents. In the north of England, the 
strata of sandstone, shale, ironstone, and coal, of which it is 
composed, are 3000 feet thick, and in Derbyshire 2500. But 
the quantity of coal found in this great mass of rock bears a 
very small proportion to it, the thickest bed of English coal 
being from 30 to 40 feet, and the aggregate thickness of all the 
beds in a coal district not often exceeding from 40 to 60 feet 
The strata of the coal-formation are usually disposed so as to 
form a basin or trough, and in the different coal-fields which 
occur in England, Germany, and other countries, they are not 
uniformly arranged, but each coal district has its peculiar se- 
ries, varying in thickness and disposition. In a section of 
the Moira Coal Mine in Leicestershire, given by Mr Bake- 
well, ** there are about 130 distinct strata, comprising ten 
beds of coal> and twenty seams of ironstone and stiata co&« 
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taining ironstone. The main-coal is from 13 to 14 feet in 
thickness^ containing twenty seams of coal of different quali- 
ties." The characters of the different strata in coal-basins 
vary, and are not reducible to a formula applicable to all ; 
but the following may answer as a general statement. The 
strata are, . 

1. Sandstone of yarious colours, red, white, grey, yellow, 
brown, or variegated, and composed of grains of quartz inter- 
mixed with clay ; sometimes felspar, flinty-slate, and other 
matters, especially scales of mica, enter into its composition. 
It varies from hard and compact, to soft or friable, and occurs 
in ^eds presenting little or no appearance of laminse, or in 
laminated strata, in which the plates or leaves are separated 
by scales of mica or carbonaceous matter. Sometimes the 
sandstone is so indurated as to resemble quartz-rock, and when 
much intermixed with clay it passes into slate-clay or shale. 

2. Shale : indurated clay, laminated, bluish, dark grey, or 
black. When much intermixed with carbonaceous matter it 
is usually named Bituminous Shale. When highly impreg- 
nated with silica, it passes into flinty-slate. 

3. Ironstone, forming thin beds, or disposed in globular 
or depressed masses, and alternating with layers of shale. It 
is of a brown or grey colour, and principally composed of iron 
combined with oxygen, carbonic acid and water. 

4. Clay of various colours and qualities. 

6. Coal. — This substance is a compound of charcoal, bitu- 
men, and earthy matter, the latter varying from two to twenty 
per cent, the bitumen from twenty to forty, and the charcoal 
from forty to eighty. It presents numerous varieties, distin- 
guished by various qualities, some highly bituminous and 
burning with flame and much smoke, others, as cannel coal, 
containing a large proportion of gases, and burning with 
much flame and little smoke, while others bum with little of 
either. 

6. Limestone. — Beds of limestone often occur in the 
midst of the series of strata containing coal, and are gene- 
rally of the same nature as the mountain limestone already 
described. 
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144. Ahranobment op the Strata. — Coal-deposits, or, 
as they are usually called, Coal-fields, generally occupying 
hollows or plains intervening between two ranges of high 
ground, have their strata arranged somewhat in conformity 
with the surface of the subjacent deposits, and thus in a sec- 
tion present the appearance of curved and parallel layers, 
often, however, variously disarranged by fissures which are 
when large filled with some hard rock of the kind usually 
named trap. Frequently when extended over a large district 
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they present a series of undulations, and when no other de- 
posit lies over them, the eminences thus formed have been as 
it were abraded and their parts dispersed, which is more espe- 
cially the case with elevated portions of strata caused by 
dikes or fissures. The explanation of this phenomenon usu- 
ally given has reference to diluvial currents that have swept 
over the surface of the land ; but Mr Bakewell accounts for 
it by supposing the strata to have been still in a soft and 
yielding state when the forces by which they were dislocated 
acted upon them, and thus to have been submitted to the vio- 
lent action of water when, having been suddenly broken and 
forced upwards, they were still beneath the surface of the 
ocean.. The accompanying figure represents a section of a 
portion of carboniferous strata, the parts of which that have 
been elevated above the general surface have disappeared. 

145. Faults. — The strata of the coal-formation are very 
frequently intersected by fissures, causing disturbances in the 
strata, so that the same bed, being broken across, may be 
found at different levels, and thus a bed of coal, suddenly 
terminating, may be found continuous with a bed of sandstone 
or shale. The cracks vary in their direction, inclination, ex- 
tent, and width, their faces being sometimes in opposition, 
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sometimes separated a few inches or feet^ or many yards^ and 
filled either with loose matter, or with solid rocks of the trap 
or igneous kind. These veins thus formed are, when large, 
named dykes. Sometimes these fissures are so numerous, 
that the deposit seems as if composed of masses separated 
from each other by laminae of clay, breccise, basalt, or por- 
phyry ; and as these interposed plates are generally imper- 
meable to water, they are of advantage to the miners, as they 
prevent the water of one part of a coal-field from inimdating 
another portion. In the vicinity of these trap dikes, the 
strata are frequently altered in texture, coal being converted 
into charcoal, shale into siliceous slate, and sandstone indu- 
rated. 

146. Minerals and Petrification. — Metalliferous veins 
sometimes pass from the carboniferous limestone into the 
coal-formation ; but the most important ore that occurs in it, 
is that commonly called clay iron-stone, which frequently 
yields more than thirty per cent, of iron. Remains of ani- 
mals are not of very common occurrence in the sandstones 
and shales of the coal-formation ; but there have been found 
in them fishes, trilobites, and shells of several genera, such 
as Nautilus, Orthoceras, Sperifer, and Productus. The fishes 
are of a peculiar kind, allied to the Saurian Beptiles, or Liz- 
ard family. Some of these fossils are of marine origin, others 
belong to fresh water. The vegetable remains, which are 
extremely abundant, belong chiefly to the Cryptogamous or 
Cellular Class, such as Ferns and Sigillarise, Lepidodendra 
considered analogous to our Lycopodia, Calamites supposed 
to be allied to our Equiseta, Coniferse, and Stigmariee, the 
latter apparently extinct These plants, usually of gigantic 
dimensions, occur in the state of impressions, or having their 
trunks filled with sand or mud, the carbonized bark remain- 
ing. In two great trunks found in Craigleith Quarry near 
Edinburgh, the interior of which remained entire, although 
petrified, the original structure of the cells is well seen in 
tiieir slices subjected to the microscope. 

147. Nature and Origin of Coal. — At the present day 
there can be little difference of opinion respecting the nature 
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of the deposits of coal that belong to this formation. In the 
threie varieties of coal found in the Newcastle deposit, Mr 
Hutton states, that, " even in samples taken indiscriminately, 
more or less of vegetable texture could always be discovered, 
thus affording the fullest evidence, if any such were wanting^ 
of the vegetable origin of coal. Each of these three kinds of 
coal, besides the fine distinct reticulation of the original ve- 
getable texture, exhibits other cells, which are filled with a 
light wine yellow-coloured matter, apparently of a bituminous 
nature, and which is so volatile as to be entirely expelled by 
heat, before any change is effected in the other constitnents 
of the coal. The number and appearance of these cells vary 
with each variety of coal. In caking coal, the cells are com- 
paratively few, and are highly elongated. In the finest por- 
tions of this coal, where the crystalline structure, as indicated 
by the rhomboidal form of its fragments, is most developed, 
the cells are completely obliterated. The slate-coal contains 
two kinds of cells, both of which are filled with yellow bitu- 
minous matter. One kind is that already noticed in caking 
coal; while the other kind of cells constitutes groups of 
smaller cells, of an elongated circular figure. In those va- 
rieties which go under the name of Cannel, Parrot, and Splint 
Coal, the crystalline structure, so conspicuous in fine caking 
coal, is wholly wanting ; the first kind of cells are rarely seen, 
and the whole surface displays an almost uniform series of 
the second class of cells, filled with bituminous matter, and 
separated from each other by thin fibrous divisions." 

148. EcoNOBiiCAL USES. — It is unnecessary to advert to 
the uses of coal, which, in domestic consumption, in the ma- 
nufacture of gas, in navigation, and in most of the arts, is so 
extensively employed in this and some other countries. 
" The vast extent and importance of our iron- works,** says 
Mr Bakewell, " are well known ; but their establishment is 
of recent date. Formerly our furnaces were on a diminutive 
scale, and wood or charcoal was the only fuel employed ; but 
in the present cultivated state of the country, wood could not 
be procured in requisite quantity. The application of coal or 
coke to the smelting of iron, is among the most useful of 
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n^iodem improvements ; but it is only some kinds of coal that 
are proper for the purpose. Inattention to this circumstance 
has frequently led landed proprietors to great unprofitable ex- 
pense. Finding ironstone and coal in abundance upon their 
estates, they have constructed furnaces and other works at a 
considerable cost, and have discovered, too late, that the coal, 
however suitable for domestic or other uses, was unfit to 
make iron of a marketable quality. To make good iron from 
the best ironstone, it is necessary that the coal should be as 
free as possible from every substance with which sulphur is 
combined. It should possess the property of forming a hard 
coke or cinder ; and if it have the quality of cementing or 
caking, it is the more valuable, as the small coal can then be 
used for the purpose of coking." 

149. General Remarks. — Igneous or trap rocks, chiefly 
greenstone and basalt, are of frequent occurrence in the Carbo- 
niferous series, and in the coal-fields of Scotland and the north 
of England are abundantly dispersed among the strata, in the 
form of dykes, imbedded and overlying masses. It appears 
that, subsequently to the deposition of this series of strata, 
great convulsions had taken place, by which disruptions, dis- 
locations, and subsidences, had been produced in them. At 
the commencement of its deposition, it is supposed that por- 
tions of the globe had been elevated from the waters, and 
that the currents of the sea had produced in their vicinity the 
great deposits of conglomerate. When the agitation sub- 
sided, the finer sedimentary deposits succeeded. Beds of 
limestone, formed of corals and shells, or chemically deposi- 
ted, were strewn along the bottom of the seas ; and in basins, 
bays, or estuaries were deposited the upper beds of shale and 
sand, alternating with the vast masses of land or marsh 
plants now converted into coal. Brongniart has supjposed 
that to produce such a mass of vegetation the atmosphere 
contained more carbonic acid gas than it does, and that by 
the vegetation the earth was prepared for a higher order of 
animals. 

It being impossible to present in a treatise so condensed as 
this an account of the organic remains so profusely distribu- 
ted in the Carboniferous and other systems, it may be well 
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Fig. 26 represents a oni valve shell, or mollnscons animal hs- 
viug a shell resembling that of the nautilus, and distinguished 
hj the name of Belleropbon coslatus, which ahcnnds in the 
Mountain Limeataue. Fig. 27 shews a hivalve shell, named 
Spirifera glabra, which occnrs in the same deposit. Fig. 38 is 
a rude representation of a Trilobite, an animal of the Crusta- 
ceoua kind. Fig. 29 is a tooth of Megolichth^s Hibberti, afiah 
of vhich remains are found in the Coal-Formation, Fig. 30 
represents a frs^ent of an impreeaion of Ulodendion AUaoii 
on sandstone from Craigleith Quarrj, near Edinburgh. Fig. 
31 shews the appearance of a portion of the dichotomoug 
branch of Lepidodendron Btembergii, from the Coai-Forma- 
tion in Bohemia. Fig. 32 is a fragment of the bark of a spe- 
cies of Sigillaria. And Fig. 33 repreeenta a portion of a spe- 
cies of the genns StJgmario, both from the Coal'Formation. 
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140. Are the carboniferous strata usnall; confonnable to 
the lower secondary rocks 1 Are they very extensivel} dia- 
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tributed in Britain 1 Into what subordinate series is the 
carboniferous system divided I — 141. What are the extent, 
composition, and colour of the Old Bed Sandstone ^ In what 
respect does it differ in "Wales \ — 142. Give a general ac- 
count of the Mountain Limestone. To what economical uses 
is it applied 1 — 143. Is the Coal-Formation of great extent 1 
What proportion does the coal bear to the other strata *{ How 
are the strata usually arranged 1 Of what are they composed ? 
— 144. How does Mr Bakewell account for the disappearance 
of the upraised portions I — 145. What is the nature of faults 
and dykes 1 What alterations do the strata undergo in the 
vicinity of trap dykes 'i — 146. What minerals occur in the 
Coal-Formation 1 Are there many organic remains 1 Of 
what nature are they 1 — 147. Give an account of the nature 
and origin of coal. — 148. What are its economical uses ! — 
149. Are igneous rocks of frequent occurrence in the Coal- 
Formation 1 How do they present themselves % Give an 
account of the maxmer in which the Carboniferous strata are 
supposed to have been formed. 



CHAPTER VII. 

UPPER SECONDARY ROCKS. SALIPEROUS, OOLITIC, AND 

CRETACEOUS SYSTEMS. 

SALIFEROUS OR NEW RED SANDSTONE SYSTEM : ITS SUBDIVI- 
SIONS; LOWER AND UPPER NEW RED SANDSTONES, ROOK- 
SALT AND GYPSUM, ORGANIC REMAINS. OOLITIC SYSTEM ; 

ITS STRATA. — LIAS, LOWER OOLITE, MIDDLE OOLITE, UPPER 
OOLITE, AND WEALD CLAY. — CRETACEOUS SYSTEM, OR 
CHALK. GENERAL REMARKS. 

150, Upper Secondary Rocks. — The deposits which suc- 
ceed the Coal-Formation consist of beds of sandstone, marl, 
clay, limestone, and shale, exhibiting considerable variety of 
texture and composition, and containing a great profusion of 
organic remains. They are divided into three series or sys- 
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terns : the Saliferous or new Bed Sandstone system, the Ooli- 
tic, and the Cretaceons. The accompanying dia^am will af- 
ford a general idea of their arrangement. 

■JVg.34. Coal Forni*i\Xfew lied S9ndx[ Lias and Oolit^e \ Chalk 

The Carboniferous strata are represented as lowest ; the Sali- 
ferous strata, lying unconformably, a, 6, c ; the Oolitic system 
or Lias and Oolite, d, e ; and the Cretaceous sjBtem, f,g. 

SALIFEROUS OB NSW RED SANDSTONE SYSTEM. 

161. Subdivision of the Saliferous System. — ^In Eng- 
land the strata of this series extend from the mouth of the 
Tees to Nottingham, then expand so as to cover a great por- 
tion of the midland countries, and stretch along the coal basin 
of South Wales. In Scotland and Ireland the New Bed 
Sandstone occupies much less space. On the Continent of 
Europe it occurs in patches and large masses over a vast sur- 
face, generally occupying low districts in which are dispersed 
hills and ranges of igneous or older stratified rocks. This 
series of deposits has been divided into two groups : 1. The 
Lower New Bed Sandstone, a ; 2. The Upper New Bed Sand- 
stone, c. The former is composed of the Lower New Bed 
Sandstone properly so called, and the Magnesian Limestone ; 
the latter of the Variegated Sandstone, the Shell Limestone 
or Muschelkalk, and the Saliferous Sandstones and Marls. Of 
these the Muschelkalk is wanting in England, but occurs in 
France and Germany. 

152. Lower New Bed Sandstone. — The strata of this 
system are generally unconformable to those of the Carboni- 
ferous series. Its lowest beds are composed of sandstones, 
sometimes in the state of conglomerates. The sandstone 
is fine-grained or coarse, quartzose, often much intermixed 
with decomposed felspar, sometimes micaceous, and passing 
into shale. Its colours are red or yellow, it being generally 
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impregnated with oxide of iron. The Maqnbsi an Limbstonb 
is sometimes represented by a conglomerate composed of peb- 
bles of older rocks cemented by a limestone containing mag- 
nesia. In the north-east of England it is a yeUowish lime- 
stone, compact and of a dull earthy appearance, or crystalline, 
and lying upon red marl and gypsum. In the district of Mans- 
feld in Thuringia, this Umestone, named Zechstein, is m the 
lower part of the deposit compact, of a blackish or ash-grey 
colour, and contains veins of calcareous spar. In the upper 
part it represents beds of cellular limestone, magnesian Ume- 
stone or dolomite, and fetid Umestone with gypsum. It rests 
upon marly and bituminous slates, sometimes containing 
copper, sometimes iron-pyrites, together with gypsum and 

rock-salt. 

153. Upper New Bed Sandstone. — In England, the 
Shell Limestone or Muschelkalk being wanting, the Upper 
Red or Variegated Sandstone passes into the Red Marl, 
which lies above it, without exhibiting any very distinct line 
of separation. The Red Sandstone is of various characters, 
being coarsely granular and friable, or fine-grained, siliceo^* 
wid hard, red, brown, yeUowish, grey, or spotted and striped 
with red, green, and grey. It is sometimes porphyritic, con- 
taining crystals of felspar, and often contains fragments of 
the neighbouring rocks. On the Continent the lowest series 
or Red Sandstone of the Vosges, is quartzose, generally of a 
brick red colour, and passes into conglomerate. It is largely 
developed in Lorraine and Alsace, where it forms a belt 
around the primary masses of the Vosges, and contains iron, 
manganese, and galena. Over this are variegated sandstones 
and marls, containing numerous masses of salt and small depo- 
sits of Ugnite or brown-coal. The variegated Red Sand- 
stone or Red Marl is a sandstone with an argillaceous cement, 
often containing beds of red or variegated marl, and subordi- 
nate beds of reddish oolite and dolomite, with clays contain- 
ing gypsum and salt The Muschelkalk or Shell Limestone, 
is compact, of a smoke-grey colour, and in certain localities 
contains a great variety of fossUs. It is distinguished from 
the Magnesian Limestone by its never presenting the sheUs 
of the genus Productus, which occur in that deposit, and from 
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the Lias by its wanting the Ammonites and QryphesR which 
characterize the latter. The variegated marls, or keuper, are 
red, greenish-grey, and bluish, and contain subordinate beds 
of sandstone and dolomite, deposits of brown-coal, masses of 
gypsum and salt. These marls are covered with a white 
quartz sandstone, which connect them with the Lias. 

164. Rock-Salt and Gypsum. — Although salt and gyp* 
sum are not peculiar to the Red Sandstone System, they are 
more abundant in it than in any other series. The gypsum, 
which occurs in the marl beds, is fibrous or massiv(>, and 
sometimes anhydrous, or destitute of water in its composition. 
It is in the Upper New Red Sandstone strata that the prin- 
cipal deposits of rock-salt occur. According to Mr Bakewell, 
the rock-salt of Cheshire is found in the red marl above the 
red sandstone, its upper bed being twenty-six yards thick, 
and separated by a stratum of argillaceous stone ten yards 
thick, from the lower bed of salt, which has been sunk into 
forty yards. In another part of that country, three beds of 
rock-salt have been found, the uppermost four feet, the next 
twelve feet, the lowest not cut through, although it has been 
sunk into twenty-five yards. Numerous brine springs, con- 
taining more than 25 per cent, of salt, rise in that country. 
In "Worcestershire, the salt is nowhere worked, but is pro- 
cured by evaporating the water, which is nearly saturated 
with it. Salt springs rise in some of the coal strata in the 
neighbourhood of these deposits, and in North America, where 
rock-salt has not yet been discovered, there are brine springs 
in the strata above and below the coal in the districts west of 
the Alleghanies. In France, Switzerland, and Spain, there 
are also salt springs, and in the latter country, in the District 
of Cardona, are vast deposits of rock-salt, one of which forms 
a mountain 663 feet in height, and 1220 feet in breadth at 
the base. According to M. Brongniart, the most extensive 
deposits of rock-salt in Europe are in Hungary and Poland. 
It is also found in the elevated deserts of Caramania in Asia, 
in Great Tartary, Thibet, and Hindostan. The island of 
Ormus in the Persian Gulf is said to be composed of Rock- 
salt In short, this substance is very extensively distributed. 
The best kinds consist of muriate of soda or chloride of so- 
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^ttin nearly in a pure state^ and has scarcely any water of 
crystallization. It is usually transparent and whitish, but 
often tinged red, and sometimes purple or blue. It is sup- 
posed to have been formed by the gradual evaporation of the 
lakes and pools of salt water, that remained when the ocean 
retired from the land. 

155. Obganic Bemains.^-Iu the lower^ new Bed Sand- 
stone fossils are of extremely rare occurrence. Several spe- 
cies of fishes have been found in this part of the series, and in 
the Magnesian Limestone. The remains of Saurian (Lizard) 
reptiles have been found in the Zechstein in Germany, and 
in the analogous dolomitic conglomerate near Bristol. It is 
in this series that animals of that order first make their appear- 
ance. 

In the Magnesian Limestone a few Saurian Bcrptiles, seve- 
ral Fishes, a considerable number of MoUusca, and two or 
three Corals, have been found ; and the fossils of this rock, 
as well as of the Zechstein, are analogous to those of the 
Carboniferous series. In a grey quartzose Sandstone, at the 
village of Hessberg in Saxony, footsteps of a five-toed animal, 
supposed to be allied to the Marsupialia^ have been found by 
Professor Kaup, and in the New Bed Sandstone of Dumfries- 
shire impressions of the same nature probably made by Tor- 
toises, have been described by Dr Duncan. In the shell lime- 
stone of the Continent, Encnnites, Crustacea, MoUusca of va- 
rious genera, and several Sauria, have been found. The 
shells of this system are of marine origin, as are most of the 
other oiganic remains ; and the reptiles and few land plants 
that occur are chiefly confined to particular districts. 

Oolitic System. 

166. Strata of the Oolitic System, — In Scotland and 
Ireland there are but slight appearances of this series of rocks, 
which in England, on the contrary, is highly developed* 
*' From the prominent parts of the Yorkshire coast, between 
Bedcor and Filey," as stated by Professor Phillips, " it holds 
an uninterrupted course, with varying breadth, through York- 
shire, Lincolnshire, Northamptonshire, Oxfordshire, Glou- 
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cestershire, Somersetshire, and Dorsetshire, to the southern 
coast between Exmouth and the Isle of Purbeck, almost 
everywhere forming a rather high table-land and dry surface, 
sloping regularly to the east, and dividing the eastern and 
western drainage of the island." On the Continent of £u- 
rope, also, it is widely extended, and presents characters si- 
milar to those exhibited by it in England. This system, 
which receives its name from the texture of some of its prin- 
cipal members, which are composed of granules resembling 
the eggs or roe of fishes (««v, an egg, Xi^^f, stone-— oolithic, or 
oolitic) is formed of strata of limestone intermixed with 
others of clay in various stages of induration. The forma- 
tions or series of strata of which it is composed are five : the 
Lias, Lower Oolite, Middle Oolite, Upper Oolite, and Weald 
Clay. 
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157. The Lias-Formation. — The lower part of the ooli- 
tic system is composed of a great mass of dark grey or bluish 
argillaceous limestone, arranged in thin strata, and connected 
with beds of clay, of which the lower rest upon, and pass into 
the New Red Marl. The term lias is thought by Mr Bake- 
well to have arisen from '' the provincial pronunciation of the 
word * layers,' as the strata of lias limestone are generally 
very regular and flat, and can easily be raised in slabs from 
the quarry." In England this formation generally consists 
of, 1. Lower lias-clays, passing into red marl ; 2. Lias- 
limestone ; 3. The Middle lias-shale ; 4. Arenaceous 
and calcareous layers, or maslstone, with nodules of iron- 
stone ; 5. The upper lias-shale. The clays are sometimes 
soft and friable, but not unfrequently more or less indurated 
and fissile, forming shales, which being often impregnated 
with bitumen and iron-pyrites, undergo a slow combustion on 
being laid in heaps with faggots, and ignited. The sulphur 
in the pyrites being thus set free, combines partly with 
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the oxygen of the atmosphere, and partly with the alumina 
of the shale, forming alum or sulphate of alumina ; and 
on this account these clays are named alum-shale. They 
also frequently contain some proportion of muriate of soda 
and sulphate of magnesia and soda, and thus sometimes give 
rise to mineral springs, as at Cheltenham and Gloucester. 
The limestones are characterized hy their earthy texture, large 
conchoidal fracture, and dark grey or dull bluish-grey colour. 
Sometimes, however, their colour is yellowish, or even white. 
This limestone is composed of from eighty to ninety per cent, 
of c^bonate of lime, with bitumen, alumina, and iron, the 
latter when present in large quantity forming, when the stone 
is burned, a lime that has the property of setting under water. 
158. Minerals and Fossils of the Lias. — Besides the 
iron-pyrites already mentioned, there occur in the lias-clays 
gypsum and calcareous spar. Veins of galena and carbonate 
of copper, with celestine and heavy spar, are found in the 
upper parts ; and in some districts on the Continent coal or 
lignite occurs in sufficient quantity to be worked. In England, 
fragments of wood and remains of several species of ZamisB and 
Coniferse have been found in the lias ; and in remains of ani- 
mals it is remarkably rich. In consequence of the numerous 
shells of the genus Gryphsea which it contains, it has some- 
times been named the Gbyfhite Limestone. Ammonites, 
Nautilites, and Belemnites, are also abundant in tt, as well as 
numerous other shells of various genera. Teeth and other re- 
mains of fishes also occur, and among them Ichthyodorulites, 
or large spiues, supposed to have formed part of the dorsal fin. 
But the most remarkable organic remains of the lias are those 
of reptiles of large size and singular formation, they having 
been furnished with paddles somewhat similar to those of the 
cetacea. " Some of the most remarkable of these reptiles,'' 
says Professor Buckland, " have been arranged under the ge- 
nus Ichthyosaurus, or Fish Lizard, in consequence of the par- 
tial resemblance of their vertebrae to those of fishes. If we 
examine these creatures with a view to their capabilities of 
locomotion, and the means of offence and defence, which their 
extraordinary structure afforded to them, we shall find com- 
binations of form and mechanical contrivances, which are now 
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dispersed through yarious classes and orders of existing ani- 
mals, but are no longer united in the same genus. Thus, in 
the same individual, the snout of a Porpoise is combined with 
the teeth of a Crocodile, the head of a Lizard with the ver- 
tebrae of a Fish, and the sternum of an Omithorhynchus with 
the paddles of a Whale. The general outline of an Ichthyo- 
saurus must have most nearly resembled the modem Porpoise 
and Grampus. It had four broad feet^ or paddles, and termi- 
nated behind in a long and powerful tail. Some of the largest 
of those reptiles must have exceeded thirty feet in length." 




The Ichthyosaurus communis, represented by the accom- 
panying figure, had a head resembling that of a Dolphin, but 
in essential characters approaching to that of a Lizard ; its 
teeth similar to those of a Crocodile, its eye of enormous size, 
and having a series of thin bony plates or sclerotic bones, its 
vertebrse hollow at each end as in fishes, its ribs slender, its 
sternum or breast-bone of a strong and complex structure, its 
extremities converted into fins. It was an inhabitant of the 
sea, and fed on fishes as well as animals of its own nature. 

Another genus of these Saurian reptiles, named Plesio- 
saurus, ** united to the head of a Lizard the teeth of a Croco- 
dile ; a neck of enormous length, resembling the body of a ser- 
pent ; a trunk and tail having the proportions of an ordinary 
quadruped, the ribs of a Chameleon, and the paddles of a 




Whale. The Plesiosauri appear to have lived in shallow 
seas and estuaries, and to have breathed air like the Ichthyo- 
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sauri; and our modem Cetacea." The head of Plesiosaubus 
DOLicHODEiRUS appTOaches to that of a Lizard, its teeth re- 
semble those of a Crocodile, its neck is of extraordinary length, 
having about thirty-three vertebrae, the dorsal vertebrae with 
flat [articulating surfaces, the ribs, composed of two pieces, 
and uniting with those of the opposite side by means of an in- 
termediate bone, and their extremities converted into paddles. 
159. Lower Oolite. — ^Above the lias reposes a series of 
strata of oolitic limestone, clays, and marls, which may be 
subdivided into four groups, that immediately succeeding the 
lias being named the Lower Oolite. This series varies in dif- 
ferent parts of England, as well as on the Continent ; but may 
here be described as composed of :-^l. The Lower or Chel- 
tenham Oolite, consisting of beds of sandstone, sand, and 
oolite ; 2. Fuller's Earth, or beds of clay of an unctuous 
quality ; 3. Stonesfield Slate, slaty Calcareous Limestone ; 
4. Great Oolite : oolitic limestone, intermixed with com- 
minuted shells, the upper and lower beds coarser, and called 
rag-stones ; 5. Forest Marble : a coarse laminated shelly 
oolite, inteiposed between beds of clay, sand, and grit; 6. 
CoBN-BRASH : a thin bed, composed of hard limestone, gene- 
rally in detached masses, externally brown, but in the interior 
of a bluish or grey colour, and remarkable for the great va- 
riety of its fossils. 

160. Middle Oolite. — The Middle Oolitic Formation is 
separated from the lower series by a great deposit of clay, and 
consists of coralline and shelly oolitic limestone, calcareous 
saiidstone, and clays. The following are its subdivisions : — 
1. Oxford Clay, or Clunch Clay, of a dark blue colour, some 
of the beds bituminous, and abounding in septaria, or masses 
having internal dissepiments ; in its lower part are beds of 
limestone called Kelloway Rock, often composed of irregu- 
lar nodules, and sometimes full of shells, among which pre- 
dominate Ammonites and large GhTpheee; 2. Calcareous 
QniT or Sandstone ; 3. Coral Baq and Oolite ; 4. Calca- 
reous Sandstone. These strata pass into each other, and 
vary in thickness and composition. The Coral Bag is so 
named from its containing abundant remains of corals of va- 
rious kinds ; and the Calcareous Sandstones consist of com- 
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minnted shells in oolitic limestone. Sometimes the grains are 
as laige as peas, so that this variety has reoeiTed the name 
of Pisolite. 

161. Uppbb Oolitb. — As between the lower and middle 
oolites we find interposed a great argillaceous bed named the 
Oxford Clay, so between the middle and upper limestones of 
this series intervenes a deposit of a similar nature named Kuc- 
KEBiDGE Clat. The series of which the upper oolite consists 
are the following : — 1. The Kimmesidgb Clay, of a blue or 
yellowish-grey colour, more or less slaty or passing into shale, 
sometimes so impregnated with bitumen as to be used for fuel* 
and containing remains of saurian reptiles and shells. 2. 
Portland Sand, an intermixture of siliceous and calcareous 
sand, containing green particles. 3. Portland Oolitb, a 
calcareo-siliceous, more or less oolitic freestone, of a yellow- 
ish-white colour, containing nodules of flint in its upper part 
162. Minerals and Fossils of the Oolitic Fobma- 
TioNS. — The Oolitic or Jura Limestone series contains a vast 
number of fossils of various classes. Remains of an animal 
considered by many as of the marsupial order and of the opos- 
sum kind, have been found in the Stonesfield slate near Ox- 
ford. Reptiles of the saurian or lizard kind, to which are 
given the names of Ichthyosaurus, Megalosaurus, Plesiosau- 
rus, Teleosaurus, together with Crocodiles, Gavials, and Pte- 
rodactyli or winged lizards are plentiful. Coprolites or petri- 
fied faeces of these animals are also found in the midst of their 
remains. Fishes, Crustacea, very numerous Mollusca, Radi- 
aria, and Zoophytes, the enumeration of which would occupy 
a large space, also occur. Remains of wood, jety coal, and 
cryptogamic plants, as well as Cycadese, ZamisB, and some 
other genera, are found in various strata, but these remains 
are not abundant. Calcareous spar, selenite, quartz, and some 
ores of iron, occur in these formations, the latter sometimes in 
sufBlcient quantity to be worked. 

163. Economical Uses. — Oolitic iron-ore is worked in va- 
rious parts of the Continent. Lignite, an imperfect kind of 
coal, has been also sometimes obtained from the lower oolite 
series. Some of the sandstones are used for building, as are 
the oolites, which, however, axe not generally very durable, 
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Smd therefore are less adapted for public buildings. Litho- 
graphic Limestone belongs to this series, and is obtained in 
Savana and in the Jura range. Some of the strata afford 
limestone which on being burned yields a lime capable of set- 
ting under water ; and the calcareous clays are useful as ma- 
nure or for mbung with the soil. Fuller's earth is employed 
as a detergent^ some of the calcareous strata are so fissile as 
to be Used for roofing slates, and several kinds of marble are 
obtained from this series. 

164. "Wealden Formation. — The deposits hitherto spoken 
of are of marine origin, but in the upper portion of the oolitic 
system we find organic remains which have been deposited in 
fpesh water. The strata of this formation have by some been 
referred to the oolitic series, while others have associated them 
with the chalk which lies immediately above them. They 
form a series of sandstones and clays, with layers and nodules 
of limestone. The lowest part is named Purbeck Lime- 
stone, and is composed of fresh-water shells united by a cal- 
careous cement. It is slaty, argillaceous, of a brownish co- 
lour, alternates with slaty marl, and sometimes contains beds 
of compact limestone. Above this series is the Hastings 
Sand, composed of yellowish grains of sand, very loosely co- 
herent, alternating with beds of clay and conglomerate, con- 
taining fragments of bones and scales of fishes. This sand is 
generally siliceous, of a yellowish or reddish colour, seldom 
blue, and contains strata of clay, marl, fuller's earth, and iron- 
stone^ which presents itseK in nodules, and is sometimes 
worked. The shells and remains of vertebrate animals which 
occur in this part of the series, are of fluviatile origin. The 
upper portion of this formation, the Weald Clay, is com- 
posed of beds of clay, sandstone, calcareous sandstone, conglo- 
merate, limestone, and ironstone. The Weald Clay, which is 
the principal member of this series, is of a bluish or brownish 
colour, tenacious, somewhat indurated, and slaty. The lime- 
stone is often concretionary, and usually contains fresh-water 
shells of the genus Faludina. In the whole mass there oc- 
cur scales of mica, iron-pyrites, crystals of selenite, and traces 
of lignite. 

166. Obganic Remains op thb Wealden. — ^As is indi- 
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cated by the organic remainB which it presents, the Wealden 
Formation is of fresh-water origin. Many of the shells which 
are found in it are of genera which occur at the present day 
in rivers, marshes, or lakes, such as Neritina, Paludina, Cy- 
clas, and Unio. Among them, however, are some of marine 
origin ; but the presence of these is not sufficient to deteriorate 
the evidence afforded by the rest. Fishes of a peculiar cha- 
racter, somewhat resembling the perch, but covered with large 
rhomboidal, thick, and hard scales, also occur in it ; as well 
as Reptiles of various genera, including Tortoises, Crocodiles, 
and other Saurians, of which the most remarkable is the Igua- 
NODON, a herbivorous reptile, upwards of seventy feet in 
length, and having the teeth worn flat as if by the action of 
bruising or grinding its food. Some bones of the order of Wad- 
ing Birds have also been found in it, and are the first of this 
class that present themselves in the ascending series of strata 
in Britain. As yet, however, no bones of Mammalia have 
been observed in the "Wealden deposits, of which the vege- 
table remains are Ferns, Gycadese, ConifersB, and others of la- 
custrine or terrestrial origin. Between the Purbeck beds, or 
lower division of the Wealden, and the Portland stone, or 
upper part of the oolite, there occurs in the Isle of Portland, 
and elsewhere in Dorsetshire, a layer of dark-coloured mat- 
ter, from twelve to eighteen inches thick, containing nume- 
rous silicified trunks of coniferse and cycadeee, of which the 
roots and a small portion of the trunks are frequently found 
in their natural position. This ** dirt-bed," as it is named by 
the workmen, is therefore supposed to be the remains of a 
bed of soil, surmounting the oolite, in which grew a forest, 
ultimately submerged, and covered with a fresh-water de- 
posit. 

Cbetaceous System. 

166. Extent op the Cretaceous System. — On the 
Wealden or upper part of the oolitic system, rests the Chalk 
or Cretaceous System, which derives its name frrom the re- 
markable and well known earthy limestone, generally of a 
whitish colour, which forms its principal mass. In England, 
it may be traced from Yorkshire, through the counties of 
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liincoln, Norfolk, Suflfolk, Hertford, Bedford, Buckingham, 
and "Wilts, to Dorsetshire, and from thence through the Isle 
of Purbeck, and the Isle of Wight. In Scotland, however, it 
nowhere occurs, and in Ireland is confined to the north-east- 
ern part, where it assumes a peculiar character. In France, 
it extends from Calais round Paris to the mouth of the Seine. 
It also occurs in various parts of Germany, Denmark, and 
Kussia. In America, although chalk properly so called is 
scarcely known, strata like those usually associated with it oc- 
cur abundantly along the eastern side of the United States. 
Crreat differences in the strata of the Cretaceous system are 
observed in different localities. In the South of England the 
series is composed of the following members : 1. The Lowee 
Green Sand, of which the upper part is ferruginous ; 2. The 
Gault or Folkstone Marl ; 3. The Upper Green Sand and 
Chalk-Marl ; 4. The Lower Chalk ; and 5. The Upper 
Chalk, containing flints. In a more general sense, the Cre* 
taceous system is divided into the Grreen Sand and the Chalk 
Formations. 

167. Green Sand Formation. — This deposit, which has 
received its name from the particles of green earth intermixed 
with it, varies much in its aspect and texture, being sometimes 
a loose siliceous sandstone cemented by calcareous matter. 
Its entire thickness amounts to about six hundred feet, and 
it is divided into the Lower and Upper Ghreen Sands, between 
which intervene a bed of grey or blue marl, named Gault. 
The Lower Green Sand is generally ferruginous in its up- 
per part, so that from the quantity of oxide of iron dispersed 
through it, it has also been named the Iron Sand. The 
Gault or Folkstone Marl, as it is variously named, pre- 
sents the appearance of ordinary clay or marl of a grey or 
blue colour. The Upper Green Sand is similar to the lower, 
but with less ferruginous matter, and gradually passes into 
a chalky marl, intermixed with green earth, which may be 
considered as the lowest bed of the Chalk Formation. It 
is remarkable for the nodules of siliceous stone which it con- 
tains, varying from a whitish chert or homstone to flint and 
calcedony. 

168. Chalk Formation. — The earthy limestone known by 
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the name of chalk consists of carbonate of lime. Although 
generally soft and friable, it is sometimes so haid as to be 
employed for building ; and although usually white or yellow* 
ish-white, its colour varies to red or brown. It seldom pre- 
sents a laminated structure, or even the apfpearance of strata, 
although its deposition from water is rendered aj^arent by 
the parallel layers of flint nodules which generally occupy its 
upper part. These nodules or irregular masses of siliceous 
matter vary in colour from black or brown, yellow, and grey to 
white, and frequently contain organic remains, such as Echi- 
ni, shells, and other marine bodies. They are supposed to 
have been formed by the aggregation of the siliceous par- 
ticles originally deposited along with the chalk. Three 
principal beds . occur in this formation : — ^The Chalk Mabl, 
or lowest, containing green particles ; The Middle Chalk, 
of a greyish colour intermixed with sand, and containing 
whitish chert ; and the Upper Chalk, of a white colour, and 
containing nodules of flint. 

169. Fossils of the Cretaceous System. — ^All the beds of 
this series contain organic remains, too numerous to be in any 
degree described here. In the chalk very few vegetable remains 
have been met with, and these chiefly supposed to be Fuci. It 
contains Corals, Sponges, Radiated animals, and multitudes 
of bivalve and univalve Shells of numerous genera, with a 
few Cirrhipeda, some Crustacea, numerous teeth, palates, and 
scales of Fishes, and some remains of Saurian Reptiles, none 
of which are identical with species found alive at the present 
day. With the exception of some ferns and remains of dico- 
tyledonous plants, the organic bodies found in the chalk for- 
mation are of marine origin. In the Green Sand series, re- 
mains of Ferns, Cycadess, and Fuci are met with. Its or- 
ganic remains of the animal kingdom are generally similar to 
those of the chalk. 

170. Uses in the Arts. — The clays of the Green Sand 
series are employed in the manufacture of bricks and pottery, 
and the sandstones are sometimes used for building. In 
some parts of the Continent lignite is worked for fuel. The 
siliceous nodules which are so abundant in the upper or white 
chalk, furnish, on being split and chipped, the flints used 
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for gun-locks. Chalk itself is used for many purposes, being 
employed as a crayon, a limestone, and when sufficiently hard, 
as a building stone. The marls and soft chalks are also 
used by farmers as manure. 

Having thus given a brief account of the series of upper 
secondary Rocks, including the Saliferous, Oolitic, and Cre- 
taceous systems, some general remarks may be offered, having 
reference to their stratification and the igneous rocks by which 
they are traversed. 

171. General Remabks on the Upper Secondary 
Bocks. — The irregular surface formed by the dislocation of 
the carboniferous strata was partially covered by the New 
Bed Sandstone deposits, which appear to have been formed 
in a comparatively short time. This epoch has been charac- 
terized on the Continent by a great predominance of igneous 
rocks, chiefly of Bed Porphyry ; but in Britain this is less ap- 
parent, and the disturbances which it presents are very unim- 
portant. The different members of the Oolitic System being 
conformable, and containing marine organic remains, have 
been deposited at the bottom of the sea or of estuaries, and 
have been subjected to an elevating force, which in various 
parts has alternately ceased its action. The Chalk Forma- 
tion seems to have been deposited in a sea of considerable 
depth, and this substance is supposed to have been derived 
from the decomposition of corals and shells, the particles of 
which have been scattered by the currents. Trap-rocks of 
various kinds intersect all these deposits ; but in England 
none ar« found in connection with those of the Cretaceous 
system. In Ireland, however, the chalk is traversed and co- 
vered by Basalt and Greenstone. Even Ghranite, it is alleged, 
has been found on the Continent overlying chalk. 

172. Surface of the Secondary Deposits. — The cha- 
racter of the scenery which these deposits present is various. 
According to M. Bozet, the Greywacke mountains of the Ar- 
dennes are usually terminated by platforms of large extent, 
and present highly inclined flanks, with narrow valleys. In 
Britain the hills of this series are rounded, and present no 
bold features. The Coal Formation sometimes occupies spaces 
of great extent, having the form of oblong basins, contained 
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between mountains composed of older rocks. When ocenpying 
open spaces of great extent it presents an undulated surface. 
The New Bed Sandstone Formation presents elevated platr 
forms^ intersected by deep and narrow valleys, on the flanks of 
which the strata are seen to correspond. The Lias usually oc- 
cupies wide valleys or plains, but often also constitutes moun- 
tain-masses, presenting large inclined platforms, terminated 
by an escarpment in which the inferior deposits may be seen. 
The Oolitic series presents long slopes and rounded or gently 
undulated surfaces ; and the Chalk formation has its emi- 
nences flat or rounded. ** 
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150. What are the Upper Secondary Rocks ! — 151. Into 
what groups is the new Red Sandstone system divided % — 
152. Describe the Lower New Red Sandstone, and the Mag- 
nesian Limestone. — 153. What is the nature of the Upper 
New Red Sandstone t and of the Red Marl, and Shell Lime- 
stone 1 — 154. What minerals occur abundantly in this for- 
mation "i Where is rock-salt found in greatest quantity 1 
How are brine springs formed 1 — 155. What organic remains 
are found in the New Red Sandstone 1 What vertebrate 
animals first make their appearance in it 1 Are the fossils 
of this series analogous to those of the Coal Formation. — 
156. From what circumstance does the Oolitic System derive 
its name 1 Of what formations is it composed *! How is alum 
obtained % 157. What are the characters of the Lias Lime- 
stone ? — 1 58. What minerals occur in the Lias 1 What are the 
most remarkable of its fossils 1 Give some account of the 
Ichthyosaurus. What are the principal characters of Plesio- 
saurus'S — 159. What formation lies over the lias^ Men- 
tion the six members of which it is composed. — 160. Give a 
short account of the Middle Oolite. — 161. Of what series is 
the Upper Oolite composed 1 — 162. Have the remains of any 
mammiferous animals been found in the Oolitic formations t 
Are reptiles abundant in them 1 What other animals occur 
there I — 163. To what economical uses are the members of 
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this series applied 1 — 164. What is the uppennost series of 
the Oolitic System named? What is the nature of Pur- 
beck Limestone 1 What sand lies over it % Describe the 
Weald Clay. — 165. Are the oiganic remains that occur in it 
of marine origin 1 Of what nature is the Iguanodon 1 — 166. 
What is meant by the Cretaceous System 1 Into how many 
parts is it divided 1 — 167. Describe the Gfreen Sand. — 168. 
What are the principal characters of the Chalk Formation ? 
How are flints disposed in it 1—169. Mention some of its fos- 
sils. — 176. Is it applied to any economical uses t — 171- What 
igneous rocks characterize the New Bed Sandstone 1 Whence 
has the chalk been derived 1 — 172. What varieties are exhi- 
bited by the surface of the Secondary Deposits 1 



CHAPTEB VIII. 

OF THE TERTIARY ROCKS. 

ELATIONS AND NATURE OF THE TEBTlABY ROOKS. — TERTI- 
ARY DEPOSITS IN THE NEIGHBOURHOOD OF PARIS. — TERTI- 
ARY DEPOSITS IN ENGLAND. — ORGANIC REMAINS. — IGNE- 
OUS ROCKS — GENERAL REMARKS. 

173. Relations of the Tertiary Strata. — Having ob- 
tained a general idea of the series of strata intervening be- 
tween Granite and the upper limit of those stratified rocks in 
which no organic remains have been founds and again between 
that limit and the upper boundary of the Chalk Formation, 
we now enter upon the consideration of an ord^r of deposits 
in which we begin to perceive a more evident relation to the 
presently existing system of nature than has hitherto been 
seen. The gradual elevation of the strata from the depths 
of the ocean, in which they were deposited, has been appa- 
rent, continually reducing the limits of the newer formations, 
which have, as it were, receded within each other, until the 
Chalk, the uppermost of the series, occupies the least extent, 
and is margined by the Upper Oolite, which in its turn is 



144 



KATtJRB OF THE TBRTIART STRATA. 



girdled by the other Oolites and the Lias. From the Carbo- 
niferons series to the Chalk, the strata have been in a general 
sense confonnable ; and considering the deposit just mentioned 
as the basis of those which are now to engage onr attention, 
we find that thej too are for the most part conformed to it 
Bat there is no decided alternation of the chalk with the 
tertiary strata, and almost ererywhere the organic remains 
of the two series are entirely different. For this reason, the 
series of secondary rocks is understood to end with the Ohalk> 
and those which succeed form a distinct class, named the 
Tbbtiast, being the third in order, as we proceed upwards. 
These strata usually occupy basins or hollows on the surface 
of the chalk formation. 
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174. Natube op the Tertiary Strata. — ^Indications of 
an alternation of fresh-water and marine formations have oc- 
casionally appeared in the secondary series, without, how- 
ever, being decided or extensive ; but in the new series alter- 
nations of this kind are abundantly evident. To produce the 
tertiary strata, there must therefore have been alternate de- 
positions from the sea and from fresh water, such as may be 
supposed to have taken place in a basin or estuary, at one 
time filled with fresh water, and at another overwhelmed by 
the ocean. The strata thus formed consist of sand, mud, and 
limestone, containing myriads of organic remains of all classes. 
These deposits had long been overlooked, or only submitted 
to a very superficial inspection, until those which occur in the 
neighbourhood of Paris, forming the most complete series 
hitherto observed, were minutely examined by Cuvier and 
Brongniart, who, in 1811, published the results of their la- 
bours in a work entitled, An Essay on the Mineralogical 
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Geography of the Neighbourhood of Paris. As the Paris 
basin affords a better specimen of the tertiary series than that 
of London, we may first direct our attention to it. But these 
strata are not confined to the two localities mentioned, being, 
on the contrary, found in some degree of development in 
most parts of the globe, always, however, in spaces of limited 
extent. 

176. Akrangembnt of thb Teetiaby Strata. — ^As will 
be seen &om Fig. 38, the strata of the Tertiary Series have 
by some geologists been arranged under four formations, each 
containing a marine and a fresh-water deposit. The abund- 
ance and variety of organic remains that occur in the tertiary 
strata have suggested the idea, that the relative ages of strata 
may be determined by the species of shells which they con- 
tain. M. Deshayes, on this principle, institutes two divisions 
among the fossiliferous rocks, referring to the first those of 
which the shells are different from those of the present day, 
and to the second those in which species identical with living 
shells occur. To the first division belong the Secondary, to 
the second the Tertiary Bocks. On this basis Mr Lyell has 
founded an arrangement of the latter series. M. Deshayes 
having been requested, says that geologist, to draw up, '' in a 
tabular form, lists of all the shells known to him to occur, 
both in some tertiary formation and in a living state, for the 
express purpose of ascertaining the proportional number of 
fossil species identical with the recent which characterized 
the successive groups ; this table was published by me in 
1833. The number of tertiary fossil shells examined by 
M. Deshayes was about 3000 ; and the recent species with 
which they had been compared, about 5000. The result at 
which that naturalist arrived was, that in the oldest tertiary 
deposits, such as those found near London and Paris, there 
were about 3^ per cent, of species of fossil shells identical 
with recent species ; in the next, or middle tertiary period, to 
which certain strata on the Loire and Gironde, in France, 
belonged, about 17 per cent. ; and in the deposits of a third, 
or newer era, embracing those of the sub- Appenine hills, from 
36 to 50 per cent. In formations still more modem, some of 
which I have particularly studied in Sicily, where they attain 
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a vast thickness and elevation above the sea, the number of 
species identical with those now living was from 90 to 95 per 
cent. For the sake of clearness and brevity, I proposed to 
give short technical names to these four groups, or the periods 
to which they respectively belonged. I called the first or old- 
est of them Eocene, the second Miocene, the third Oldeb 
Pliocene, and the last or fourth Newee Pliocene. The first 
of the above terms, Eocene, is derived from nmt, eos, dawn, 
and Kmvoty cainos, recent, because the fossil shells of this pe- 
riod contain an extremely small proportion of living species, 
which may be looked upon as indicating the dawn of the re- 
cent or existing state of the testaceous fauna. The other 
terms, Miocene and Pliocene, are comparative ; the first 
meaning less recent (from f^Mf, meion, less, and tuuvt, cainos, 
recent), and the other more recent (from wXu^y, more, and 
s«iw, cainos, recent), they express the more or less near ap- 
proach which the deposits of these eras, when contrasted with 
each other, make to the existing creation, at least so far as 
the Mollusca are concerned.'* Very difierent opinions, how- 
ever, are entertained as to the proportion of shells in these 
strata ; and in the remaining part of this chapter I shall fol- 
low Daubuisson, who institutes purely geognostical subdivi- 
sions, arranging the tertiary strata into Lower and Upper. 

TERTIARY DEPOSITS IN THE NEIGHBOURHOOD OF 

PARIS. 

176. Lower Tertiary Formation. — In the neighbour- 
hood of Paris, the lower tertiary formation is composed of 
two distinct stages : the Plastic Clay and Coarse Limestone. 

The Plastic Clay, which rests on chalk, is a nearly pure, 
highly unctuous, tenacious, infusible clay, often of a dark grey 
colour, or veined with red and yellow, and employed in the 
manufacture of pottery and bricks. It contains lignites and 
numerous vegetable remains, pyrites, resinous nodules, crys- 
tals of selenite, and siliceous or calcareous fragments, toge- 
ther with fresh-water and marine shells, which are found in- 
termixed in the uppermost layers. This stage is usually sub- 
divided into two members. The upper, known by the name 
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of Faubses GlaiseSi is sandy, of a dark colour, often carbo- 
naceous, and separated from the other by a small bed of fine 
grey sand. The lower bed is of pure clay, seldom containing 
minerals or remains of organized bodies. The carbonized ye- 
getables of the upper bed, or fausses glaises, are sometimes so 
abundant as to form layers of lignite. 

The Coarse Limestone, or Caloaibb orossier, which is 
composed of limestones characterized by a prodigious quantity 
of marine shells, alternating with clayey marls and calcareous 
marls, succeeds the plastic clay. The limestones of the lower 
bed are often sandy, and are sometimes separated from the 
plastic clay by a stratum of sand. They abound in shells, and 
are of a coarse texture, interspersed with grains of a deep green 
colour, resembling those of the green sand. The shells are 
remarkably well preserved, many of them still retaining their 
pearly lustre. They belong to the genera Nummulites, Lu- 
cina, Bucardium, Crassatella, Turritella, and Gerithium, a 
species of the latter, Gerithium giganteum, being character- 
istic of this deposit. The next bed is composed of strata of 
yellowish limestone, of varying solidity, full of shells, and 
rarely containing grains of chlorite. There is seen in it a 
layer of a greenish colour, having in its lower part brown 
impressions of stems and leaves of terrestrial plants, mingled 
with marine shells. The upper bed of the Galcaire grossier 
commences with the most solid layers, which are worked for 
building ; but as we ascend, we find the strata becoming thin- 
ner, and alternating with argillaceous and calcareous marls. 
The rock then passes into a hard, compact limestone, in thin 
beds, sometimes homogeneous, like lithographic limestone, and 
sometimes full of shells. Homstone and sandy quartz fre- 
quently occur among these hard limestones ; but at other times 
the upper layers are many, and contain crystals of gypsum. 

177. Upper Tertiary Formation of Paris. — The suc- 
cession of deposits which belong to the Upper Tertiary For- 
mation in the neighbourhood of Paris, is subdivided into at 
least four geognostical stages : the Siliceous Limestone, en- 
tirely of fresh- water origin ; the Gypseous Deposit, of which 
the lower part is of fresh-water origin, while the upper is 
marine ; the Marine Sands and Sandstones ; and, lastly, the 
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Fresh-water Millstones and Marls. To these may be added 
the marine falnns of Tonraine and the Loire. 

(1.) The Siliceous Limestone is composed of alternations 
of fine-grained white limestone, and yellowish-white^ com- 
pact, haid limestone, intimately mixed with a large propor- 
tion of siliceous matter. The latter variety is often cavem- 
ons, and contains fresh-water shells. The siliceous limestone 
rests upon the Calcaire grossier, but is principally developed 
where the latter is thinnest, so that the thickness of the two 
are in inverse ratio. It presents alternating layers of clay 
and marl, and contains flints, menilites, plates of gypsum, 
shells, and sometimes bones of mammalia. 

(2.) The Gypseous deposit consists of alternate layers of 
gypsum and argillaceous or calcareous marl. There are two 
very distinct beds : the Gypseous Deposit, properly so called, 
characterized by its gypsum and the remains of land animals ; 
and the Upper Deposit, exclusively composed of marls, and 
containing marine shells. The gypseous deposit is itself di- 
vided into two masses. The lower is composed of numerous 
alternations of marls, and thin layers of granular or crystal- 
line gypsum. The marls are either calcareous and solid^ or 
argillaceous and laminated. The former often contain large 
yellow lenticular crystals of selenite, and the latter sometimes 
present siliceous tubercles, known by the name of menilite. 
This first gypseous mass contains skeletons of fishes. The 
upper division of the gypsum is of great thickness, and con- 
tains but few beds of marl. The gypsum is sometimes finely 
granular, sometimes composed of small lenticular crystals co- 
hering confusedly. The first layers often present siliceous 
infiltrations, sometimes concentrated into masses, sometimes 
in small alternating layers, so that in the quarries are seen 
blocks having successive bands of opaque yellowish-white 
flint, and gypsum* The intermediate beds are the largest. 
The gypsum is in them in some measure massive, and often 
divided into large irregular prisms. Lastly, the higher beds 
are thin, and penetrated by marls, with which they alternate. 
The marls at length separate, and then calcareous and argil- 
laceous alternations form a mass of greater or less thickness 
above the gypsum. The upper mass or bed of the gypsum 
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contains a rast quantity of bones of quadrupeds^ remains of 
birds, crocodiles, land and fresh-water tortoises, and several 
genera of fishes. The mammalia, which have been rendered 
so celebrated by the researches of Cuvier, are especially cha- 
racteristic of it. Above the white marls containing fresh-water 
sheUs, are coloured marls destitute of shells, which lead to 
a bed of a yellowish laminated marl, belonging to the upper 
division of the gypsum. Its lower part contains nodules of 
sulphate of strontian, and above a thin bed of bivalve ma* 
rine sheUs. It serves as a limit between the fresh-water 
marls and the marine marls ; for all the shells that are found 
above it are marine. These marls are sometimes green and 
clayey, sometimes yellowish, or whitish and calcareous. In 
the latter are found beds of oysters, cohering in the same 
manner as we see them in our own seas, and consequently 
in the position in which they have lived. The uppermost 
part is composed of a mass of clayey sand, without shells. 

(3.) The Upper Sands and Sandstones, characterized by 
marine shells, are of great extent. In the lower part of this 
series are very frequently found finely micaceous sands of a 
yellowish or reddish colour, which afterwards pass into a 
white and very pure sand, used for the manufacture of glass. 
After this sand come the sandstones of the upper part of the 
series, which are sometimes very hard, sometimes sandy and 
granular. The upper part of these beds of sandstone is some-> 
times impregnated with limestone, especially when they are 
covered by the upper fresh-water limestone. The beds are 
very thick and irregularly stratified ; the lower sandy strata 
frequently mixed with hydroxide of iron, clay, and mica^ and 
containing some rolled shells. The upper part, sometimes 
in the state of pure, friable, reddish sandstone, sometimes 
argillaceous and reddish, or calcareo-siliceous, contains nu- 
merous marine shells, of the genera Cerithium, Melania, 
Pectunculus, Oytherea, and others. These marine sands and 
sandstones vary little in their characters. The latter often 
appear in the form of enormous blocks, with rounded and 
tubercular slirfaces, and sometimes present cavities filled with 
sand, in which are found groups of rhombohedral crystals of 
the same nature. 
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(4.) The Upper Millstones and Marls. — The upper stage 
is composed of millstones and clayey feimginous sands, alter- 
nating with greenish, reddish, or whitish marls. The reddish 
cavernous millstones are the most common, but the whitish 
or bluish varieties are the most esteemed. They contain no 
organic bodies, and present themselves in very irregular 
blocks. Above them is frequently nothing but soil or allu- 
vium ; but sometimes there are marls and limestones, con- 
taining fresh-water shells and other remains of organic bodies 
not of marine origin, as well as flints and buhr-stones or 
millstones of a more compact texture than those of the lower 
part. The upper fresh-water limestone, characterized by 
Lymnese, Helices, and fossil seeds of Chara, is white or grey- 
ish-white, sometimes friable like marl or chalk, sometimes 
compact and solid. 

TERTIARY DEPOSITS IN ENGLAND. 

178. Extent of Tertiary deposits in Britain. — ^In 
Scotland and Ireland no deposits strictly analogous to those 
above described have been met with ; nor do any occur in 
Wales. The portions of England in which they are observed 
are the eastern part of Norfolk, the valley of the Thames, and 
the southern parts of Dorsetshire and Hampshire ; but in 
that space they are not continuous, and the principal de- 
posits are confined to the London and Hampshire basins. A 
complete series of the English strata, however, does not 
occur in any particular locality, so that to present a con- 
tinuous view of them, those of different places must be 
brought together. It is also difficult to determine the iden- 
tity of a tertiary bed in one country with that of another ; for 
in all the localities great differences exist, and the stratum 
which in one contains marine shells, may in another present 
fresh-water remains. 

179. Arrangement op English Tertiary Strata. — 
The marine tertiary deposits of the south of England may be 
arranged under three heads ; the Lower, Middle, and Upper. 

(1.) The Lower, or Plastic Clays and Sands. — ^Mr 
Webster describes this series, as examined at Alum Bay in 
the Isle of Wight, as succeeding chalk, nearly^in a vertical 
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position. Next to the chalk is a bed of calcareous marL 
Strata of sand, of green, red, and yellow colours, and sixty 
feet in thickness, follow ; then a dark blue clay, two hundred 
feet thick, containing green sand and septaria, or balls of im- 
perfect ironstone, intersected by calcareous spar ; sands of 
various colours, upwards of three hundred feet thick ; pipe- 
clays, and sands exhibiting a variety of bright colours, and 
nearly five hundred and fifty feet in thickness. In the Lon- 
don basin, the plastic clays and sands are generally similar, 
but less distinctly marked and variable in thickness. Lig- 
nites, some marine shells, and rolled flints, occur in these de- 
posits. 

(2.) The Middle, or London Clay, which is most highly 
developed in the valley of the Thames, where it varies from 
one hundred to seven hundred feet in thickness, is a mass of 
clay of a dull blue or blackish-brown colour, sometimes con- 
siderably indurated, so as to have a laminated structure. It 
rests on thin beds of green sand and clay belonging to the in- 
ferior deposit, and its uppermost bed is more sandy, and of a 
reddish-brown colour. Some beds of limestone, septaria, and 
shells occur in it, as well as branches of trees perforated by 
a boring molluscous animal named Teredo navalis, remains 
of turtles and crocodiles, teeth of elephants, and numerous 
species of bivalve and univalve shells. 

(3.) The Upper, or Crag Formation. — This is not su- 
perincumbent on the preceding, but occurs detached in Nor- 
folk, Suffolk, and Essex, and is composed of beds of sand and 
gravel, containing shells. At Brammerton, near Norwich, it 
is, according to Mr Bakewell, forty-five thick, and consists of 
a bed of sand and clay with shells, resting on chalk, and fif- 
teen feet thick, four feet of coarse white sand, fifteen of yel- 
low and red sand, a foot and a half of pebbles and shells, two 
beds, each of the same thickness, one of white sand and shells, 
the other of ferruginous sand, four feet of loamy earth, and 
two of vegetable soil. The shells are marine, those in the 
lower part unlike the species at present alive, but a large 
proportion of those of the upper identical with species living 
in the neighbouring sea. This Crag is supposed by some to 
be merely a portion of the bed and shore of the present Ger- 
man Ocean elevated. 



152 FOSSILS OF THE TERTIARY SERIES. 

180. General Kemarks. — ^It is unnecessary for our pre- 
sent purpose to treat more particularly of the Tertiary depo- 
sitsy which, although widely extended, are not continuous 
over vast spaces, like the secondary strata, but present them- 
selves in basins of limited extent. In these different basins, 
there is generally little accordance in the strata, so that it 
becomes impossible to determine from their minerali^cal 
characters the analogous or contemporaneous deposits. The 
numerical proportions of the marine shells have, however, 
as already men.tioned, been considered as indicating this rela- 
tionship, and have given rise to the distinction of the Tertiary 
strata into Eocene, or those containing few species identical 
with those of our present seas, Miocene, or those of in- 
termediate nature, and Pliocene, or those containing a 
very large proportion. Many genera of shells disappear with 
the chalk formation, and with the tertiary strata a new order 
of things appears to have commenced, the series of organic 
beings being continuous with that at present in existence, 
although many species have become extinct. Between the 
tertiary and alluvial strata there seems, in fact, to be no 
marked distinction. 

181. Fossils of the Tertiary Series.— The shells, whe- 
ther of marine or fresh-water origin, that occur so abundant- 
ly in the Tertiary deposits, are generally found in a high state 
of preservation. All the genera, and many of the species, 
are the same as those at present living ; and the latter are 
more numerous in proportion to the comparative newness of 
the strata. All the classes of animals have representatives 
in these deposits : there being found in them Corals, Mol- 
lusca, Crustacea, Reptiles, Fishes, and Birds. Many extinct 
tribes of Quadrupeds, as Falaeotheria, Anoplotheria, Masto-' 
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dons, and Lophiodons, are discovered in them, together with 
numerous species belonging to genera still in existence, as 
Elephas, Hippopotamus, Rhinoceros, Equus, Ceryus, Lepus, 
Canis, TJrsus, Felis, &c. The accompanying figures represent 
the PalsBotherium magnum, and Anoplotherium conmiune, 
animals allied to the Tapir and Horse. The latter, having a 
long thick tail, resembling that of an otter, is supposed to 
have been amphibious. These remains are accompanied 
with a great quantity of vegetables, of which the species are 
extinct, but which belong to genera still living. It has 
been shewn by M. Adolphe Brongniart that the vegetation of 
this period bore a great resemblance to that of the present 
day. '^ The Dicotyledonous plants," he says, '' are from four 
to five times more numerous than the Monocotyledonous. As 
to the other classes, particular circumstances appear to have 
diminished their number. Thus we find but few ferns, equi- 
seta, and mosses, and the agamic plants are only represented 
by some species of sea-weeds.'' Hitherto we have found no 
traces of man in the strata, and, therefore, it is probable that 
he was not created at the times when they were deposited. 
Of late years, however, there have been found in some caves 
in the south of France human bones, and even fragments of 
pottery, mingled with fossils belonging to species now extinct. 
This has induced some geologists to think that man was con- 
temporaneous with these antediluvian animals, and that the 
catastrophe which destroyed them was the great deluge re- 
corded in the Scriptures, and of which there are traditions 
among all nations ; but it is not generally admitted that the 
human bones really belong to the same epoch as those of the 
mastodons and bears which occur along with them. 

182. Igneous Rocks. — The unstratified rocks found in 
this series are chiefly trachytes and basalts, which closely re- 
semble the products of volcanoes at present in action, and ex- 
hibit similar phenomena, insomuch that, in some placets these 
ancient deposits are blended with those of modem times. In 
the tertiary deposits of England and the north of France, 
however, none of these igneous rocks have been met with. 
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Bbcapititlatiok. 

173. Whnt position is occupied by the Tertiary Strata t 
Are their oiganic remains different from those of the Secon- 
dary Bocks X — 174. Of what nature are the Tertiary deposits 1 
— 175. Give an acconnt of lir Lyell's arrangement of them. 
176. Into how many formations may the Paris Tertiary Strata 
be divided 1 What are the divisions of the Lower Forma- 
tion t Give an acconnt of the Plastic Clay. Desoribe the 
Calcaire grossier. — 177- What are the stages of the Upper 
Tertiary Formation 1 Give an acconnt of the Siliceous Lime- 
stone. Describe the Giypseons Deposit. What are the cha- 
racters of the upper marine sands and sandstones 1 What is 
the nature of Buhrstone, and what strata are associated with 
it 1 — 178. In what districts do Tertiary rocks occur in Britain 1 
— 179. Describe the Lower series, or Plastic Clays and Sands. 
Give an account of the London Clay. Of what nature is the 
Crag or upper marine formation. — 180. Are the Tertiary de- 
posits continuous over vast spaces X Are the strata similar 
in different localities 1 Do all the general of shells that occur 
in the Secondary Bocks reappear in the Tertiary T — 181. Are 
the species of shells in the Tertiary deposits identical with 
those at present living 1 What other animal remains- occur 
in them 1 What was the nature of the vegetation 1 Have 
any remains of the human species been found in the Secon- 
dary or Tertiary strata \ — 182. What igneous rocks are con- 
nected with the latter 1 
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CHAPTER IX. 

OF THE ALLUVIAL OR RECENT STRATA. 

NATURE OF THE RECENT STRATA. ALLUVIAL, CONCRETION- 
ARY, CORALLINE, AND VEGETABLE DEPOSITS. 

183. Nature op the Becent Strata. — ^Under the head 
of Hecent or Alluvial Strata, are to be included all those de- 
posits which have resulted from the action of the elements, 
or from the progress of vegetation, in the course of the pe- 
riod which has commenced after the deposition of the tertiary 
strata, and has continued to the present day. In this series, 
however, are not included the products of volcanoes. Since 
the period of the deluge, it does not appear that any of those 
great convulsions, of which we have seen indications in 
the disruption and disturbance of the various formations, 
have occurred, although the agency of volcanoes and earth- 
quakes has produced analogous effects in a slight degree. In 
the strata of recent formation we have thus to consider de- 
posits of a more peaceful era, during which man has resided 
^n the earth. They may be arranged under five heads : Al- 
luvial Deposits, Concretionary Deposits, Coralline Deposits, 
Vegetable Deposits. 

184. Alluvial Deposits. — To this genus belong deposi- 
tions of mud, sand, gravel, and other substances. 

By many authors alluvial deposits are divided into two 
kinds : Old Alluvium, or Diluvium, and Becent Alluvium. 
The former, which is now generally referred to the tertiary 
series, consists of clay, sand, gravel, pebbles, and large rolled 
stones, extended over plains, platforms, and the sides of 
mountains. They fill up the bottom of valleys, caves, and 
fissures of rocks; and often contain remains of animals, 
which more or less resemble those living at the present day. 
Bones and teeth of Elephants, Mastodons, Bhinoceroses, Ta- 
pirs, and Horses ; as well as of large ruminating animals, 
oxen, deer, and antelopes ; and of predaceous species, as 
tigers, bears, and hyenas, are frequently found in them. In 
Siberia^ there have been found in deposits of this nature now 
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covered with ice, entire elephants of an extinct species, on 
which the flesh, and even the skin and hair, remained. In 
many caverns in different parts of the globe are found depo- 
sits of mud, intermixed with bones of carnivorous and rami- 
nating animals. Some of these are supposed to have afforded 
places of retreat to bears and hyenas, which dragged into 
their dens the bones of oxen and other herbivorous species, 
portions of which are found as if they had been gnawed. 
The Becent Alluvia are deposits of the same nature, but such 
as are produced by causes now in operation. They compre- 
hend the gravel, sand, and mud of rivers, lakes, and the sea, 
together with all sorts of detritus produced on the land by the 
action of the elements. By means of the great rivers, such 
as the Mississippi and the Nile, vast quantities of sand and 
mud are carried down from the interior of the continents, 
and deposited in their course, but especially toward their 
mouth, 60 that not only is the soil there elevated, and the 
river gradually raised, but large accessions are made to the 
land on the coast. On many parts of the sea-shore, vast quan- 
tities of fine sand are seen, which, being heaped up by the 
surf, are dispersed by the winds, and form hillocks, or over- 
whelm the adjacent lands. Deposits are also forming at the 
bottom of the sea, and along the coasts. It is a very remark- 
able fact, ascertained by various accurate observers, that the 
bottom of the sea in many parts has been elevated within his- 
torical times, so that large tracts have emerged along the 
shores. Ancient sea-beaches have also been elevated to a 
great height beyond the reach of the present tides. 

185. CoNCRETioNABY DEPOSITS. — ^Undor this head are in- 
cluded calcareous and other depositions from springs, stalac- 
tites, travertines, bog iron-ore, and salt. Calcareous Tufas 
are formed by water charged with carbonate of lime, which 
is gradually deposited. Stalactites are produced in somewhat 
the same manner in caverns. Bog Iron-ore is deposited from 
water which has traversed strata highly impregnated with 
iron. Salt and natron are produced by the evaporation of 
lakes, or deposited on the surface of sandy deserts. Some- 
times the sands on the sea- shore are converted into solid 
masses of sandstone by means of some agglutinating sub- 
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Stance. Of this kind are the maritime deposits of Guada- 
loupe, so celebrated for containing human bones, along with 
▼ariotts implements. 

186. CoHALLiNE Deposits. — B7 the gradual increase of 
myriads of marine polypi in warm climates, and the secre- 
tion or deposition by them of calcareous matter, there are 
formed in the sea vast banks, shoals, and islands, entirely 
composed of corals. These islands generally form circular 
reefs, having a lagoon in the centre, which is gradually filled 
up. The action of the waves heaps up fragments and sand, 
seeds of plants are wafted to these reefs, floating timber is 
drifted upon them, and in the course of time they are clothed 
with vegetation, and become the abodes of human beings. 

187. Vegetable Deposits. — A general layer of Soil occu- 
pies the surface of the globe, covering the antecedent depo- 
sits, although not continuously. Its composition is extreme- 
ly variable, but in a general sense it may be said to be formed 
of sand, gravel, or clay, intermixed with ferruginous matter, 
and more or less of decomposed vegetable substances. In 
marshy places and in thick woods, in warm climates espe- 
cially, a layer of vegetable matter of great thickness is form- 
ed ; and in colder countries, the imperfect decomposition of 
carices, rushes, heath, moss, and other plants, forms accumu- 
lations of a more or less spongy or compact, combustible sub- 
stance, named peat. In this peat are often found portions of 
decayed trees, but it is not generally, as some have alleged, 
formed of them alone. Professor Jameson has given a very 
good description of these deposits, in his Mineralogy of the 
Shetland Islands. '' In describing the general appearance of 
a peat moor, we may conceive an almost entire flat of several 
miles extent, of a brown colour, here and there marked with 
tufts of heather, which have taken root, owing to the more 
complete decomposition of the surface peat ; no tree or shrub 
is to be seen ; not a spot of grass to relieve the eye, in wan- 
dering over this dreary scene. A nearer examination disco- 
vers a wet spongy surface, passable only in the driest seasons, 
or when all nature is locked in frost. The surface is fre- 
quently covered with a slimy black-coloured substance, which 
is the peat-earth so mixed with water, as to render the moor 
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only passable by leaping from one tnft of heather to another* 
Peat is found in yarious situations, often in valleTB or plains, 
where it forms very extensive deep beds, from three to forty 
feet deep, as those in Aberdeenshire : it also occurs upon the 
sides of mountains, but even there it is generally in a h(»ri- 
zontal situation. The tops of mountains, upwards of two 
thousand feet high, in the Highlands of Scotland, are covered 
with peat of an excellent kind." To the head of vegetable 
deposits may also be referred the drift-wood carried down by 
rivers, and accumulating at their mouth. 

188. General Bemarks. — The igneous rocks which occur 
in the alluvial deposits, belong entirely to volcanoes, recently 
or at present in action, and will be spoken of elsewhere. The 
organic remains belong partly to species still in existence, 
and partly to extinct animals. Of the latter may be men- 
tioned the Mammoth or Great Elephant, two Mastodons^ a 
Hippopotamus, the Great Stag, a species of Ox, a Beaver, 
Hyaena, Tiger, and Dog. In the lacustrine deposits are shells 
of the same species as inhabit similar localities at present, 
and the same is to be said of the littoral deposits. Having 
thus obtained a general view of the entire series of Stratified 
Itocks, we have now to examine the Unstratified or Igneous. 



Recapitulation, 



183. What is meant by Becent or Alluvial Deposits 1 How 
may they be arranged \ — 184. Of what nature are alluvial de- 
posits 1 What remains of animals have been found in them % 
What organic remains have been observed in the mud of ca- 
verns 'i What is the difference between the older and recent 
alluvial Mention examples of the latter. — 185. What is 
meant by concretionary deposits 1 — 186. How are coral depo- 
sits formed?— 187. What vegetable deposits appear at the 
surface 'S Give an account of a peat moor. — 188. What ig- 
neous rocks occur among alluvial deposits ? Do any of the 
organic remains belong to species still in existence t 
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CHAPTER X. 

OF THE UKSTRATIFIED OR OVERLYING ROCKS. 

QENEBAL OHARACTERS OF TRAP ROCKS^ THEIR STRUCTURE AND 
CLASSIFICATION. CLAYSTONE AND FELSPAR SERIES^ POR- 
PHYRIES, AMYGDALOIDS, BASALT, GREENSTONE, AUOITB 
BOCK, HYPER8THENE ROCK, SYENITE, GRANITIC MIXTURES, 
JASPER, TRAP CONGLOMERATE.^— GENERAL REMARKS. 

189. General Characters of Overlying Bocks. — Many 
of the rocks usually tenned Plutonic, Igneous, Trap, or Overly- 
ing, are so intimately related to granite, as scarcely to be dis- 
tinguished from it, while others as obviously pass into lava and 
other products of active volcanoes. The phenomena which they 
present, their relations to the stratified rocks and to each 
other, the alterations produced by their contiguity with other 
deposits, and their gradual transition into each other, assign 
to them a similarity of origin, and indicate their igneous na- 
ture. Perhaps too much importance has been attributed to 
the differences which they present in thdir mineralogical cha- 
racter, and the number of species into which they have been 
divided may be imnecessarily great ; but still, it is neither 
uninteresting nor useless to distinguish their gradations. As 
a whole, the trap rocks are generally distributed, but their 
varieties are confined to particular spots. Sometimes they 
form mountains of great height, or hills of less elevation, or 
merely summits unconnected with the subjacent rock other- 
wise than by contiguity. Such masses are usually amorphous 
or columnar, but sometimes they present indications of strati- 
fication. Frequently they form veins and dykes, which in- 
tersect the stratified rocks, and may sometimes be traced to 
amorphous masses. They are found in contact with aU the 
rocks from granite upwards. In granite they occur only in 
veins ; but in the stratified rocks they present not only veins, 
but masses, often stratiform, intruded among the strata, or 
surmounting them. It is supposed, that the great mass from 
which these veins and masses have emanated lies beneath the 
granite, and therefore, although portions of them overlie the 
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secondaiy rocks, tliej might with more prapriety be ouned 

Undeiljing or PlatODic. 



masses of trap »t 
the sulfate, a, b ; cis a vela or djke, from which has emiuuited 
an inteijected mass, d, as well as the incombent mass b. 

190. Stebctoiie or TBap Eocxs. — The rocks of this cImg 
present inim^ of the modifications of textnre described in 
% 9B. Thus, thay may be compact, granular, crystalline, 
luninar, porphyritic, amygdaloidal, fragmentary, or conglo- 
merated. In their structure they may bo msssiye, tabular, or 
prismatic The latter kind of structTire is very common 
among them, and frequently presents itself in the most per- 
fect form, or in that of colnmns, having throe, four, five, or 
more sides. The columns are often vertical, and at right 
angles to the imperfect seams of the mass, bat they fire also 
occasionally curved, or confused. Very frequently the masses 
are amorphous ; but it seldom happens that more or less pa- 
rallel seams or fissures, resembling in some degree those of 
stratified recks, are not observed. The simple minerals which 
enler into the composition of these rocks have already been 
described. The most common are felspar, hornblende, an- 
gite, hypersthene, mica, and quartz. 
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191. Classification of Trap Books. — Many authors ar- 
range the rocks of this series in chronological order, accord- 
ing to the strata in connection with which they appear ; and 
were particular species of trap rocks invariably connected with 
particular formations of stratified rocks, this arrangement 
would perhaps be the best ; but as the same trap rock tra- 
verses manj of the secondary and primary series, and besides 
often presents great variations in structure and composition 
in the same mass, it appears better to describe them in a 
manner which may render their kinds or variations intelligible 
to the student We may thus begin with the more simple. 

192. "Wacke, Indurated Clay, Claystonb, Clinkstone, 
Compact Felspab, Pitchstone. These substances appear 
to form a series rendered continuous by their gradual transi- 
tion into each other. Wacke resembles hardened clay, of a 
greyish or yellowish colour, an earthy smoothish, even frac- 
ture, and shining streak. It is generally compact, but may 
contain crystals of quartz, or amygdaloidal cavities filled with 
various substances. Indurated Clay has also a dull earthy 
fracture, and varies in colour from greenish-grey to greyish- 
white, or red, or brown, or even black. Claystone is harder 
than the preceding, but still presents an earthy aspect, with 
an uneven more or less conchoidal fracture, and is of various 
colours, often yellowish, purplish, or reddish. In structure 
it may be massive, with irregular fissures, or more or less 
prismatic, or laminar. It frequently contains crystals of fel- 
spar or quartz, and occurs in veins, as well as in mountain 
masses. Clinkstone is still harder than Claystone, and has 
a more conchoidal and splintery fracture, with considerable 
lustre, some degree of transparency on the edges, and usually 
presents darker colours. Sometimes it has a laminated struc- 
ture ; and, when a thin piece is struck with the hammer, it 
emits a sharp or somewhat ringing sound, whence its name. 
Compact Felspar excels the preceding species in hardness. 
Its colours are various, its texture compact, its fracture con- 
choidal, imeven, and scaly, the edges translucent. It is sel- 
dom without being porphyritic in some degree, often presents 
extensive masses, and also occurs in veins. Pitchstone ge- 
nerally occurs in veins, and is much less frequent than the pre- 
ceding rocks. It presents an impeifectly prismatic, or lamel- 
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lar, or concretionary stmcture, yaries in colour ham black to 
grejf has a splintery, uneven, or conchoidal fractnie, and is 
slightly translucent on the edges. Sometimes it presents an 
aggregation of irregular grains, resembling pearlstone. 

193. PoBPHYUES. — ^When Claystone, Clinkstone, Compact 
Felspar, or Pitchstone, contain crystals of felspar or some other 
substance interspersed through their mass, and easily distin- 
guishable from it, they constitute Porphyries. Thus, Clay- 
stone with crystals of felspar is named Claystone Porphyry. 
But as Porphyry is not, properly speaking, a generic term, 
since it merely indicates a state or condition of a given sub- 
stance, it would be preferable to name such simple varieties 
Porphyritic Claystone, Porphyritic Clinkstone, &c Wben, 
however, there is an intermixture of crystals of various 
kinds, so that the base is indistinguishable, it is difficult to 
imagine what terms might be employed to designate aU the 
varieties. 

194. Amtodaloids. — ^When Claystone, Compact Felspar, 
Greenstone, or any other rock of this class contains, not angu- 
lar crystals, but roundish or ovoidal bodies of a different sub- 
stance, such as chloritic earth, calcareous spar, calcedony, or 
agate, they are named Amygdaloids. The remark made above 
as to the nomenclature of Porphyry applies equally to that of 
Amygdaloid. The proper method of naming such rocks is 
Amygdaloidal Claystone, Amygdaloidal Felspar, Am^^daloi- 
dal Greenstone. 

195. Basalt. — It is impossible, from the definitions of ba- 
salt given in books, to form any definite idea of it. Professor 
Jameson defines it a substance of a greyish or greenish-black, 
rarely inclining to grey ; internally dull or feebly glimmer- 
ing; the fracture in the coarser varieties large or small- 
grained uneven ; in the more crystalline varieties even, in- 
clining to large and flat conchoidal, and seldom to splintery ; 
opaque, or feebly translucent on the edges ; with a pale grey- 
coloured streak ; semi-hard, bordering on hard ; rather brittle, 
and difficultly frangible. According to him there are two 
kinds of basalt : one is an intimate combination of hornblende 
and felspar, and the other of augite and felspar ; the felspar 

'erally appearing to be of the compact kind. Basalt is thus 
nstone in very minute grains, and it has thus been de- 
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fined at p. 54, § 76. Dr MacCnlloch considers ** hornblende 
compacted into a solid mass> and apparently consisting of mi* 
nute crystalline particles/' with the fracture more or less 
coarse-grained, uneven; splintery, or conchoidal ; sometimes 
considerably glistening, as what some authors describe as 
basalt, or as one of the varieties of that substance ; but re- 
marks that the analysis of basalt yields soda^ which, how* 
ever, is not contained in hornblende. It does certaiuly ap- 
pear, that the very fine-grained or compact blackish rocks of 
this class have all been considered by some authors as basalt. 
The columnar structure is not peculiar to this substance, being 
found in greenstone and other rocks. Basalt occurs in veins, 
beds, and overlying-masses. According to Mr Bakewell, " it 
frequently contains yellowish grains of a mineral called Oli- 
vine ; it contains also grains of iron-sand, and a considerable 
portion of the black oxide of iron. It is fusible into a black 
glass, and is magnetic. The iron which it contains passes 
into a farther state of oxygenation when exposed to the air : 
hence basaltic rocks are generally covered with a reddish- 
brown incrustation. Very black basalts are chiefly composed 
of augite." This rock is occasionally porphyritic, and is then 
called Basaltic Pozphyry, or Porphyritic Basalt. 

196. Greenstone. — The rock usually named Qreenstone 
is a compound of hornblende and felspar in nearly equal pro- 
portions, and having a granitic structure. The name is not 
very appropriate, for although it sometimes has a greenish ap- 
pearance, it is not uncommonly reddish or whitish, the colour 
depending chiefly on that of the felspar, which is generally 
compact, or at least not highly crystalline. When the crys- 
tals are large, it assumes the appearance of syenite or granite, 
and when very minute, it passes into basalt and clinkstone. 
Sometimes distinct crystals of felspar are contained in it, and 
it becomes Porphyritic Greenstone. Sometimes also it is 
amygdaloidal, containing zeolite, or calcareous spar. Veins 
of calcareous spar, quartz, heavy-spar, red hematite, and 
other minerals, frequently intersect greenstone. It occurs in 
veins, beds, and extensive masses, and is very extensively dis- 
tributed. 

197. AuoiTE Bock. — ^Dr MacCulloch, who instituted this 
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rock, defines it a compound of angite and compact felspar^ the 
fonner predominant, or in equal proportion. It varies in ap- 
pearance, like greenstone, which it resembles, especially when 
its component parts are minnte, in which case it also passes 
into basalt. 

198. Htpbbsthbnb Bock is a compound of hypersthene 
and felspar, the latter being compact, crystalline, or glassy. 
'^ These,'' says Dr MacCulloch, '* form three varieties of a 
rock hitherto unknown, and to which I have given the name 
of hypersthene rock. It occurs in large granitiform beds, in 
mountain masses ; and is found in Sky and Ardnamurchan. 
As yet I have never observed it either in a columnar form or 
in that of veins. It occasionally exfoliates like the granites, 
in a solid form, by the action of the weather. In other cases, 
it possesses a foliated structure like Grneiss, arising from the 
parallel disposition of the hypersthene. More generally, the 
structure is granitic, and varies exceedingly according to the 
magnitude of the parts and their relative proportions. Pyrites, 
garnets, and octohedral oxidulous iron, occur in hypers- 
thene rock ; and the latter in such abundance as to modify 
its character and aspect." 

199. Syenite. — By this term is generally meant a trap 
rock, composed of the same ingredients as Gbreenstone, but 
with felspar predominant, and sometimes containing quartz 
or other minerals. It may be porphyritic like the other rocks 
of this class. The distinction between it and Greenstone is 
insignificant ; and when we examine the numberless masses 
of this nature, composed of from two to eight or ten simple 
minerals, we find it as impracticable to reduce them to syste- 
matic order, as it would be useless to do so. 

Granitic Mixtures. — ^When a greenstone or syenite, 
composed of hornblende and felspar, exhibits intermixed crys- 
tals or portions of quartz, it often becomes indistinguishable 
from Syenitic Granite already described, p. 86. Granitic rocks 
of this kind present numberless combinations, and vaiy ex- 
tremely in colour, and texture. The minerals observed in 
them are felspar, hornblende, augite, chlorite, steatite, mica, 
quartz, prehnite, mesotype, stilbite, pyrites, epidote, and seve- 

1 others. 
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200. Trap Conolomerate. — Among other indications of 
analogy of origin between the Trap and Volcanic Rocks, is the 
existence of Conglomerates formed of fragments of green- 
stone, basalt, or claystone, together with portions of stratified 
rocks, more or less rounded by attrition, and imbedded in a 
paste of the same nature, or having their intervals filled up 
by it. Such deposits, usually in the form of irregular beds, 
are named by many geologists Trap Tufa. They vary ex- 
tremely in composition and in the size of their imbedded 
masses or fragments, which may be several feet in diameter. 
They are often regularly stratified, and when fine-grained, or 
of .the consistence of indurated clay, are sometimes minutely 
laminated. 

201. Jasper. — Many substances differing in their nature 
and origin have been considered as Jasper, which may be 
defined as a mineral nearly as hard as quartz, very brittle, 
with a flat or conchoidal fracture, a dull, earthy, or somewhat 
glassy lustre, and of various, often brilliant, colours. It 
occurs in veins generally very slender, in trap rocks, and is 
said also to form large masses ; but it is also found among 
volcanic rocks, as well as in the primary and secondary 
series. It is a state or condition of argillaceous matter rather 
than a distinct mineral ; and it is for this reason that it pre- 
sents itself in so many different situations. 

202. General Kemarks. — Gbanite, which we assumed 
as the unstratified basis of the series of primary, secondary, 
tertiary, and alluvial rocks, is intimately connected in com- 
position and general characters with the Syenites and Grreen- 
stones of the Trap series. On the other hand, the latter 
are evidently connected with the Volcanic Rocks by means 
of Pitchstone, which is closely allied to Obsidian. Trap 
Socks, moreover, differ little in mineral composition from the 
volcanic, and this circumstance, together with the similarity 
of their relations to the stratified rocks, renders it probable 
that, through fissures intersecting the strata, they had been 
ejected from beneath, and poured out upon the surface of the 
stratified masses. The products of volcanoes, however, are 
much less compact, and often highly porous. This difference 
is accounted for by their being poured out in the open air, 
while the trap rocks were deposited under the sea. 
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189. Wliat is the nAtme of the rot^ called Plutonic t — 
190. How many yarieties of stracture do thej present I Is 
the prismatic or columnar stracture common in them 1 — 191. 
How may the trap rocks be arranged T — 192. Giye some ac- 
count of Wacke, Indurated Clay, Claystone, Clinkstone, Com> 
pact Felspar, and Pitchstone. — 193. What is meant by por- 
phyry % — 194. What distinguishes an amygdaloid % — 195. De- 
scribe basalt To what rocks is it ailed 1 — 196. Describe 
Greenstone. — 197. In what respect is augite rock different t 
— 198. GiTe an account of Hypersthene Bock. — 199. What 
is Syenite % Are there many varieties of it t What rela- 
tions have the Trap to the Volcanic Rocks 1 — ^200. What is 
meant by Trap Tufa or Trap Conglomerate 1 — 201. Describe 
Jasper. Does it occur elsewhere than among the trap rocks % 
— ^202. How is Grranite connected with these rocks 1 What 
relation have they to the Volcanic t 



CHAPTER XI. 

OF VOLCANIC ROCKS. 

NATURE AND 0BI6IN OF VOLCANIC BOCKS. — ^PROBUCTIONS OF 

BXTINCT VOLCANOES. TRACHYTE, PUMICE, OBSIDIAN, TRA- 

CHYTIC TUPA, 

203. Nature and Origin of Volcanic Rocks. — ^The 
Trap Rocks described in the preceding chapter are intimately 
related to those which are now to engage our attention. They 
have been erupted from the interior of the earth at periods 
antecedent to the deposition of the Tertiary rocks, and having 
flowed at the bottom of the sea, under the pressure of its 
waters, present a more dense structure than the deposits of 
the modem volcanic vents, which have been poured out upon 
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the sfiiface of the dry land. Some volcanoes have been for 
ages extinct, while others are in operation at the present 
day ; and these circumstances give rise to a kind of distinc- 
tion between volcanic products into ancient and modbrn. 
Of the productions of extinct volcanoes may be mentioned 
Trachyte, Pumice, Obsidian. 




204. Trachyte. — This name, derived from r^a^vs, rough, 
has been applied to a set of rocks analogous to the porphyries 
of the preceding chapter, from which they are distinguished 
by their porosity. According to the greater or less degree of 
fluidity which they possessed at the time of their eruption, 
they have been produced sometimes in the form of domes, or 
cones covered with debris, sometimes as veins, currents, or 
sheets, alternating with layers of trachytic conglomerates. 
The trachytic deposits, moreover, present various porphyritic, 
semi-vitreous, or glassy rocks, in heaps grouped in a certain 
order, but having no indications of regular stratification, nor 
any vestige of volcanic crater. Trachyte is generally of a 
whitish or greyish colour, sometimes inclining to red or 
brown, with a dull earthy fracture, but sometimes harder 
with a fracture inclining to even. It varies in hardness, 
being sometimes friable, and sometimes compact. It easily 
melts into a white or greyish glass. Its basis appears to be 
felspar, and it generally contains interspersed crystals of 
glassy felspar, together with crystals of augite, hornblende, 
mica, laminae of specular iron-ore, grains of iron-sand, and 
crystals of quartz. Sometimes, when augite prevails, it is of 
a dark colour, and melts into a black glass. Pearlstone is 
considered to be merely a variety of trachyte in a state of 
fusion. Obsidian and pumice seem also to be the same sub- 
stance in different states. Trachytes are frequently found in 
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connection with syenites and porphyries on the one hand, and 
on the other with basalts. 

205. Pumice, Obsidian, Trachytic Tufa. — ^Pumice ap- 
pears to be trachyte which has been exposed to an intense 
heat, and reduced to a fibrous and vesicular mass. In the 
Island of Lipari is a mountain formed entirely of white 
pumice, in balls of various sizes, some not larger than a hazel 
nut, while others exceed a foot or more. Some of them are 
Apparently compact, and resemble glass, but they all float on 
water. Humboldt states that he has seen black pumice^ in 
which augite and hornblende could be distinguished, and sup- 
poses it to have been derived from basaltic lava. Obsidian 
bears a considerable resemblance to Pitchstone, but is more 
glassy, with a smooth, conchoidal, shining fracture, generally 
of a black colour, but often tinged with blue or grey, and fre- 
quently streaked as if of a laminated texture. It is harder 
than glass, and produces sparks when struck with steel. Ob- 
sidian occurs in the Lipari Islands, Teneriffe, the Andes, 
Iceland, and other volcanic districts. Colonel Imrie men- 
tions two currents of lava which he examined in Felicuda, 
one of the Lipari Islands, as exhibiting the transition of ob- 
sidian into pumice and lava. ** The obsidian, when in mass,, 
appeared almost black and opaque ; but, at the edges of its 
beautiful conchoidal fracture, it was in some degree translu- 
cent, and there shewed a muddy-brown colour. In some parts 
of this obsidian, it is seen deviating from its brilliancy, and 
from its compact vitreous texture, and is evidently seen pass- 
ing into a granular lava ; but the marks of this gradual tran- 
sition are soon lost, and the lava into which the obsidian had 
passed, is then not to be distinguished in colour, in fracture, 
or in texture, from the general lava of the other parts of the 
stream. Where this obsidian appears in mass, and in a state 
of perfect glass, it is very near to where it has been first 
ejected from the side of the crater, and in a situation where 
it must have undergone a rapid cooling. In some parts of 
these congealed streams, I could trace a transition of the ob- 
sidian into pumice. In those places, the obsidian was seen 
to contain scattered air-globules, which were almost always 
lengthened in the direction of the stream. These globules 
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gradually augmented in number until the whole of the sub- 
stance became a light, fragile, and frothy pumice." Beds and 
irregular deposits of conglomerate, composed of fragments of 
trachyte and other Tolcanic substances, are often abundant in 
Tolcanic districts. When reduced to the state of sand or 
powder, they form beds of tufa, analogous to those described 
as occurring in the trap series. 

206. Glinkstonbs, Basalts, and Greenstones. — The 
trachytic rocks, becoming hard and compact, assume a lami- 
nar structure, and present the appearance of Clinkstone. 
Sometimes also, becoming dark coloured, and containing au- 
gite, they resemble Basalt and Greenstone. When several 
different minerals are interspersed, they occasionally assume 
the aspect of Syenite. In short, all these rocks seem to gra- 
duate into each other. The greenstones, basalts, and clink- 
stones of this series differ, however, from those of the trap 
series, in being always more or less vesicular. 

207. Products op Modern Volcanoes. — The matters 
ejected by volcanoes at present in action resemble those of 
the ancient or extinct volcanoes, and may in many cases be 
considered as basalts or trachytes melted a second time. 
They are augitic or felspathic rocks, vitreous, stony, or earthy, 
often porous and slaggy, which issue from funnel-shaped ca- 
vities, situated at the extremity of truncated cones. These 
cones have the margin notched or broken in one or more 
places, and their sides covered with bands of scoriee, a kind 
of cinder left by the currents of lava which have emerged 
from the crater, and flowed down the sides of the mountain. 
Lava, scorise, tufa, and mud, are the principal products of vol- 
canoes. In these substances various minerals are found, es- 
pecially felspar, hornblende, augite, garnet, leucite, mica, me- 
lanite, tourmaline, sommite, airagonite, and specular iron-ore. 
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208. Lava. — This substance in its ordinary state differs 
from basalt chiefly in being porous ; but it presents several 
varieties. It may be compact, of a dark grey colour, with 
an uneven fracture, and glimmering lustre; vesicular, of 
similar characters, but with numberless vesicular cavities of 
various forms ; Slaogt, of a semivitreous aspect and vesicu- 
lar ; Spumous, so vesicular as to float on water ; but all these 
varieties are merely gradations of the same substance. Liava 
generally presents itself in long streams, and sometimes in 
broad expansions. It is often accompanied with deposits of 
volcanic powder or dust, mud, and scoriae or cinders. These 
loose materials become consolidated by the action of water, 
and the tufas thus formed are often sufficiently solid to be 
used for building. 

209. Concluding Remarks. — We have now obtained a 
general view, imperfect, but sufficient for the object in con- 
templation, of the materials of which the globe is composed, 
and the disposition of the strata and irregular masses of rock. 
The animal and vegetable remains included in the various 
deposits have also occasionally been alluded to. We have 
seen that the crust of the globe is composed of strata, broken 
up, variously inclined, and placed at various heights^ to- 
gether with veins and masses of unstratified substances, to 
the intrusion of which would seem in many cases owing 
the disturbances of which the traces are so evident. Volca- 
nic funnels have poured out streams of lava and mud at the 
surface ; and the superficial layer of the globe is composed 
of gravel, sand, and soil. Elevated ridges traverse* the con- 
tinents and islands, forming slopes, of every degree of incli- 
nation ; water-courses and lakes occupy the lowest levels of 
the land. The ocean covers four-fifths of the earth's surface, 
and of the remaining portion a large space is rendered uninha- 
bitable by being enveloped in perennial snow and ice, or form- 
ed of arid sand, or bare rock. We have now to acquire some 
idea of the causes which have operated in producing the va- 
rious rocks, in reducing them to their present condition, and 
in effecting the changes upon the surface of the globe which 
have rendered it fitted for becoming the habitation of man. 
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Recapitulation. 

203. What is the origin of the Trap-Rocks 1 Have they 
analogy to the volcanic 1 — 204. "What is the nature of Tra- 
chyte 1 What are its mineral characters t With what rocks is 
it connected 1 — 205. What is the nature of Pumice 1 Describe 
Obsidian. Mention an instance of the transition of lava, pu- 
mice, and obsidian into each other. Are there conglomerates 
and tufas among volcanic rocks % — 206. Are the clinkstones, 
basalts, and greenstones similar to those of the trap series 1 — 
207. What are the products of existing volcanoes 1 What 
simple minerals are found in them '! — 208. How many kinds 
of Lava are there 1 How does lava present itself 1 
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SECTION III. 

CAUSES OF THE PRESENT STATE AND 
RELATIONS OF THE MATERIALS OF THE 

EARTH. 



CHAPTER I. 
PORMATIONS OF THE PRESENT PERIOD OF THE GLOBE. 

GENERAL CHARACTERS OF THE MODERN EPOCH. YSGBTABLE 

SOIL, DEBRIS OF ROCKS, DETRITUS OF RIYBRS. ACTION 

OF RUNNING WATER.— DEPOSITS IN THE COURSE OF RIVEBS^ 

AND AT THEIR MOUTHS. DEPOSITS IN LAKES. ^MARINE 

DEPOSITS. ACTION OF MARINE CURRENTS. — DRIFT SANDS. 

— PEAT AND FOSSIL FORESTS. MADREPORE LIMESTONES. 

210. Introductory Remarks. — ^In endeaYOuring to ob- 
tain a general and connected Yiew of the causes which haYe 
operated in producing the phenomena presented by the ma- 
terials of which the exterior of the globe is composed, the 
object is not to elicit a theory of the earth, but to place be- 
fore the reader circumstances which may enable him to atj^ 
preciate the statements and hypotheses of geologists. It will 
be kept in mind that this essay is merely a compilation of 
facts and phenomena intended for an introduction to the 
study of geology. A retrospect of the series of formationsy 
in which details necessarily omitted in the preceding sections, 
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it is presumed will afford a convenient means of presenting 
useful explanations. We shall therefore commence with the 
surface, speculate upon the interior, and describe some phe- 
nomena connected with the intermediate space. This chap- 
ter is, in a great measure, a translation from M. Delafosse. 

211. Characters of the Modern Epoch. — The present 
period comprehends all the deposits which owe their ori- 
gin to causes now in action, and has reference to the pheno- 
mena which are taking place at the surface of the earth. The 
present population of the globe, characterized especially by 
the human species, is too varied to be spoken of in detail. 
It contains all the orders of plants and animals, from the 
Highest to the lowest, although many species and some ge- 
nera have disappeared from the face of the earth, and are 
known to us only by their fossil remains. The mineral de- 
posits which are at present forming, whether in contact with 
the air or beneath the waters, c6ntain remains of this popu- 
lation in various degrees of preservation. They are seldom 
petrified, or penetrated by mineral matter, as is the case with 
those of preceding epochs. Shells become friable, having 
been in part destroyed by acid waters, bones lose their ani- 
mal matter, plants are carbonized, often so completely as to 
form deposits of peat. With the exception of the volcanic 
rocks, which are ejected from the interior of the earth, those 
which belong to this period have usually little consistence, 
most of them being merely accumulations of fragments re- 
sulting from the disintegration of preceding deposits, trans- 
ported to the places where we now find them by causes at 
present in action, by gravitation, water, and even the winds. 
It will thus be understood that in general these deposits 
must be formed of very different materials, commonly mixed 
without order, and destitute of regular stratification. Their 
most distinctive characters are their increasing under our 
eyes, and their containing remains of man, and traces of his 
industry. 

212. Yeoetable Soil. — By vegetable soil is meant the 
external thin layer in which plants grow, and which is com- 
posed of fragments of minerals, vegetables, and animals, re- 
duced to a great degree of tenuity. The soil partakes greatK 
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of the nature of the neighbouring rocks. In the plains and 
valleys its structure is jnore complex than on the sides of 
mountains or on table-lands. In elevated tracts, when the 
rock is easily acted on by the weather, the layer of soil is 
composed of its detritus, often in a state of purity ; but in the 
lower grounds, where strata intervene between it and the 
subjacent rock, it is usually very different. This layer of 
soil may be said to cover the entire surface of the dry land, 
although in tracts it may scarcely be said to exist Its na- 
ture influences the vegetation, not so much by the mineral 
matters of which it is composed, as by its varying capability 
of retaining moisture ; but this influence is slight compared 
with that of temperature. Thus the Jura mountains and 
those of the Yosges have, nearly the same elevation, and their 
vegetation presents no appreciable difference ; yet their mi- 
neralogical constitution is entirely different, the former be- 
ing composed of limestones and marls, the latter of sand- 
stone, gneiss, porphyry, and granite. On the other hand the 
same soil in different latitudes produces an entirely different 
vegetation. This is well illustrated by the familiar case o{- 
our hot-houses in which the productions of the tropics are 
made to grow in the same kinds of soil that nourish, our 
common plants. The origin of soil is easily intelligible, as 
we see it forming by the action of the atmosphere, which gra- 
dually decomposes or disintegrates the solid rocks, and by 
that of the waters, which transport the fragments and leave 
them on the lower groimds ; while the more or less decayed 
portions of vegetables mingle with it, and sometimes form 
its principal part. 

213. Debris op Rocks. — At the foot of precipices, in the 
mountains and along the coasts, are seen heaps of fragments 
produced by the crumbling of the overhanging rocks. These 
accumulations assume various forms, but their upper surface 
always approaches to that of a cone, unless at the foot of 
large rectilinear ridges, as in the Jura Mountains, when the 
debris forms an inclined plane, although in reality this plane 
may be sectioned into a series of cones. Although the ma- 
Tials which form a slip of this kind are much mixed, they 
' shew a certain order determined by the laws of mechanics,. 
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the heaviest fragments being the farthest from the point of 
departure^ so that the large stones always occupy the base of 
t!ie cone, while the small particles are at the top. Slips are 
the result of two well-known causes : the infiltration of 
water, and the variations of temperature in the mineral 
masses. In the neighbourhood of clifb, water insinuating it- 
self into the cracks of rocks, carries with it the soft or loose 
particles, and thus forms vacuities between the solid parts, 
which, being traversed by fissures, break from their weight, 
and crumble down. In winter, the water contained in the fis- 
sure 3 congeals, and the expansion of the ice often produces a 
force sufficient to' displace some of the parts. During thaw, 
the ice melting permits the separated parts to fall or be washed 
away. This cause produces powerful effects in high moun- 
tains, whence after thaw enormous masses of rock are often 
seen to fall, and carry along with them whatever comes in 
their way. Mineral masses being bad conductors of caloric, 
the variations of temperature cause fractures in them, which 
powerfully contribute to the same effect. Generally slips do 
not take place suddenly, but the rocks exposed to destructive 
agents disintegrate gradually, and the talus or heap at their 
base slowly enlarges. 

214. Preserving Effects of Debris. — It might at first 
be supposed that the effect thus produced has no limits, and 
that mountains might gradually crumble away until they were 
entirely destroyed. This, however, would be a very erroneous 
idea, for the heaps formed at the base of cliffs, by gradually 
rising, preserve the parts which they cover, and a time will 
necessarily come when the escarpment will be entirely co- 
vered by the debris. The heaps themselves are liable to the 
destructive agency of water, which carries portions of them 
away, but an equilibrium is finally established, and the slope 
becomes covered with vegetation. In all mountain-chains we 
find heaps which have acquired their full development, and 
others which are in progress. The slopes of many of the gra- 
nitic mountains of Aberdeenshire are composed of debris of 
this nature, but in the gneiss and mica-slate districts the dis- 
integration has gone on less rapidly. In general, the heaps 
are more advanced the lower the mountains are ; and in the 
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Yosges, the Ardennes^ and the Jura mountaiiis, they are more 
complete than in the Alps and Pyrenees. As to the clifGs on 
the sea-shore, which are broken down by the undermining ac- 
tion of the waves, their destruction is prevented by the pr«- 
tection afforded by the fallen blocks. 

215. Detkitus op Bivbius. — ^From the action of the atmo- 
sphere upon rocks, there result blocks of various sizes, gravtl, 
sand, and clay, which are the more abundant the more easly 
the rocks from which they are derived disintegrate. The rtin 
waters carry off part of these matters, and at the same time 
attack the friable rocks which occur in their course ; the na- 
terials suspended in the water being transported so long sa its 
velocity is sufficient to overcome the effect of gravity, but 
whenever this latter force predominates, the suspended guV 
stances subside. The velocity of a current of water is de- 
stroyed by the obstacles which it encounters ; and, as the 
number of these obstacles is in the direct ratio of the space 
which the current traverses, the heaviest fragments are fint 
deposited, and the lightest carried to the greatest distance. 
Most large rivers are more or less filled wiUi detritus, which 
often forms islands, that are generally covered during floode ; 
and the vast deposits formed in their course are often ex- 
posed in the steep banks formed by the varying action of the 
waters. 

216. Action of Bunning Water. — Should an obstacle 
oppose itself perpendicularly to the current, it is evident that 
at this point its velocity will cease, and all the substances held 
in suspension, of which the density is greater than that of 
water, will be deposited. But if the obstacle be oblique to 
the direction of the current, the latter will lose only a part of 
its velocity, and will allow to subside only the bodies whose 
weight will prevail over the remaining velocity. Succeeding 
obstacles will produce similar effects, and thus all the laiger 
fragments will be successively deposited, and only the smaller 
carried as far as the estuary or mouth of the river. Thus, the 
fragments of the same substance, carried away from the same 
point, are disposed along water-courses in the order of their 
bulk, the largest being at the point of departure, and the 
smallest at the termination o£ the river ; which is just the re- 
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verse of what happens in slips. The velocity of a river dimi- 
nishes from the middle to the margins^ at which the deposi- 
tions therefore usually take place. When a current is re- 
flected by an obstacle, its direction is changed, and it is car- 
ried against the opposite side, where, by its continual action, 
it produces a bank or blufll The obstacles which it there 
meets force it back obliquely to the first side, and in this man- 
ner a second bank is formed ; so that rivers, in the winding 
parts of their course, present an alternation of bluffs and 
taluses, the taluses occupying the salient angles, and the 
bluffs the re-entering angles. In the straight parts of the 
bed, the velocity being about equally diminished on both mar- 
gins, the taluses are formed on both sides, and the bottom 
rises equally. 

217. Deposits in the lower parts op Valleys. — The 
horizontal portion occupying the bottom of valleys, and in 
which the beds of rivers are scooped, is formed by the current 
by which it is traversed. On examining the steep banks of 
a river, we perceive that the deposit in which they are exca- 
vated owes its existence to the present order of things : it 
contains beds of sand, rolled pebbles, and clay, entirely simi- 
lar to those of the margins, fragments of pottery, bricks, and 
other manufactured articles, bones of species now living, 
often mixed with human bones, land and fresh-water shells, 
which live in the country, wood partly carbonized, and other 
matters. This horizontal part of the bottom of valleys is, 
therefore, a modem deposit, and is every day increasing. The 
rain-waters which flow into the bed of a river, carrying with 
them a great quantity of debris, suddenly raise its level, 
sometimes to overflowing. The mass of water being thinner 
in proportion as it is diflused over a larger surface, and the 
number of obstacles increasing in proportion to the surface 
covered, the velocity diminishes more and more. Then the 
matters held in suspension are deposited, and form a thin 
layer. But in the bed of the river, where the velocity has 
augmented in place of diminishing, there is much less depo- 
sition than on the banks, frequently none at all. As the 
same phenomena recur at each overflowing, the consequence 
is, that the banks of the river gradually rise, and that they 
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are so much the higher the more frequent the inundations. 
These are not all of the same magnitude, there being many 
more small than great inundations, which explains why, oq 
each side of a river subject to overflowing, the land, in place 
of being perfectly horizontal, forms an inclined plane, which 
rises as it approaches the bed. This phenomena is very per- 
ceptible on the banks of the Nile, the Po, and the Missis- 
sippi. 

218. Deposits at thb Mouths op Rivers. — ^It is thus 
seen that rivers, in their overflowings as well as in their na- 
tural state, deposit on their margins a great part of the mate- 
rials which they carry along with them ; but the lightest parts 
are transported as far as the estuary, or lakes, where the run- 
ning waters entirely lose their velocity, and there are then 
formed deposits which often obstruct the entrance of rivers. 
In the sea, the effect of the tide, combined with that of the 
fresh-water current, gives these deposits the form of large 
bars placed before the mouths of rivers, and which it is ne- 
cessary to destroy by artificial means, to allow a free entrance 
to vessels. In the Mediterranean, where the tides are scarce- 
ly perceptible, the deposits are spread out pretty uniformly; 
but as the action of the rivers continually destroys the parts 
most advanced in their waters, it gives to the deposition the 
form of a triangle, of which the summit is found to be the 
most advanced point in the bed of the river. These deposits 
are named deltas, from their resemblance to A, the Greek 
letter of that name. All the large rivers that enter the Me- 
diterranean have a delta, but the most celebrated is that of 
the Nile, which is of great extent, ccmtains several lakes, 
and is traversed by two principal currents. 

219. Delta op the Nile. — ^It is well known that the an- 
nual inundation of the Nile, which is the fertilizer of Egypt, 
is the result of the great rains which fall in Abyssinia in 
spring. The waters coming from these rains, carry into the 
bed of the river the detritus of the districts over which they 
pass. The heavier parts are arrested by the numerous cata- 
racts which occur in the course of the Nile, before it enters 
Egypt. In extending over the soil of that country, it yields 
a great portion to form the layer of mud which fertilizes the 
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fields ; and at length the finest particles are carried as far as 
the sea, and go to increase the delta. The filling of the Nile 
commences in June, and attains its maximum in August, and 
gradually diminishes until next May. It has been calculated 
that the Delta has increased about 20,000 metres since the 
time of Herodotus ; and according to the calculations of M. 
Girard, the Nile must have raised the surface of Upper 
!Egypt about six feet and a half since the conmiencement of 
the Christian era. 

220. Deposits in Lakes. — When a river enters a lake, it 
also forms deposits, which gradually raise the bottom, dimi- 
nishing the depth, and sometimes at length filling the lake. 
This happens chiefly in small lakes among mountains, where 
the debris is abundant, the slopes highly inclined, and the 
water acquires greater velocity than in the plains. There 
are large deposits of this kind at the entrance of the Khone 
and Bhine, into the Lakes of Geneva and Constance. Saus- 
sure, who made many o\)servations on those of the former 
river, was of opinion, that, in the course of ages, the basin of 
the lake would be filled up. The mechanical depositions 
which form in the bottom of a lake, have an inclination equal 
to that of the bottom, and the materials in each layer are dis- 
posed in the order of gravity, proceeding from the margin, 
precisely as in the bed of a river. Thus, on the banks are 
found the blocks and pebbles, while at a certain distance 
there is nothing but sand and marl. After great rains, and 
the melting of snow, large sheets of water are often seen in 
low places, which after a time dry up, leaving a deposit of 
mud, which is renewed as often as the inundation takes 
place, and gradually raises the ground, so that if the reservoir 
is not very deep, a time will come when the waters can no 
more collect in it. 

221. Sudden Eruptions of Water. — The phenomena 
spoken of above are progressive, and the causes which pro- 
duce them act in a continuous manner; but phenomena of 
the same kind are produced by sudden and violent causes. 
Masses of snow fall from high mountains, and carry with 
them portions of rocks, which assist them in destroying what^ 
ever comes in their way. Torrents of water, resulting from 
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heavy rains or subterranean eruptions^ sometimes precipitate 
themselyes into the bottom of valleys, which they cover with 
a mass of debris torn from the rocks over which they have 
passed. The lakes of high mountains, whether permanent or 
accidental, often owe their existence to a bar of alluvial mat- 
ter, which retains the water, and against which the latter ex- 
ercises a continual effort, tending to burst it. A sudden in- 
crease of the water, or any other cause, sometimes raptures 
the bar, and the lake suddenly rushing out, produces effects 
similar to those of the masses of water which precipitate 
themselves on the sides of moimtains. In the Valley of 
Bagnes, in the Yalais, the course of the Drance having been 
obstructed by avalanches of ice and snow, there formed before 
the bar a large lake which threatened the country beneath 
with destruction, as soon as the heat should destroy the ice 
and allow the waters to escape. The inhabitants had the 
idea of boring a gallery into the ice,^to let the water flow off 
gently, and in this manner they succeeded in discharging a 
third part of it ; but the bar having burst, a torrent broke 
forth with extreme violence, carrying along enormous blocks 
of rock, trees, and houses, destroyed a part of the village of 
Martigny, and proceeded to join the Khone, gradually losing 
its velocity. The surface of the country which it traversed 
was covered with debris, and several trees which had been 
swept away, with nearly all the earth attached to their roots, 
remained standing. Mr Bakewell states that a similar inun- 
dation, in the valley of the Upper Doron in the Tarentaise, 
took place in the following year. Numerous blocks of stone, 
of many tons weight, were brought down by the torrent, and 
scattered over a small plain at the mouth of the lateral val- 
ley, along which they had descended. 

222. Marine Debris. — The debris of the bottom of the 
sea is connected with that of rivers by the deposits formed at 
the mouths of the latter, in which the river and the sea alike 
operate. In great storms, and at high tides, the sea often 
bursts into fresh-water lakes, carrying with it matters torn 
from the rocks which form its bottom. The waves of the sea 
continually erode the deposits which the fresh waters form in 
it ; they attack at the same time the friable rocks of the hot- 
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torn, and are thus charged with sand, clay, and solid frag- 
ments, which they continually drive against the shore. This 
is done as follows : — as the wave extends over the flat ground, 
it loses its velocity, and there comes a moment when, this 
velocity having entirely ceased, the substances held in suspen- 
sion are deposited ; the wave, which slowly retires, carries 
back but little or none, especially when the inclination is not 
great. The same phenomena recurring at each undulation, 
it may be conceived that the deposits thus formed must in- 
crease very rapidly, and that if the bottom of the sea is not 
very far distant from the surface, it may in a short time be 
elevated above it. It is in this manner that the greater part 
of the soil of Holland has been formed, and that Aigues 
Mortes, where St Louis embarked for the Holy Land, is now 
more than a league from the sea. But these deposits on dry- 
ing decrease in height, and are liable to be again inundated. 

223. Modern Marine Conglomerates. — ^In some cases 
the sea throws on its shores sand mixed with remains of 
shells and corals, which are agglutinated by a calcareous 
cement, and at length take a pretty firm consistence. Bocks 
of this nature are daily forming on the shores of Sicily, and 
are very abundant in the West Indies. The most remark- 
able deposit of this kind is that on the north-west coast of 
Guadaloupe, which is still forming, and contains human ske- 
letons. It occupies a kind of glacis resting on the steep coast 
of the island, and partly covered at high water. The human 
bones found in it are probably those of shipwrecked persons. 
In St Domingo there are deposits of exactly the same nature^ 
in which are found fragments of pottery. The sands of the 
outer Hebrides, which are chiefly comminuted shells, some- 
times form patches of solid sandstone. 

224. Pebbly Beaches. — The shores of the sea are often 
covered with rolled pebbles which may have been heaped 
up by the waves, or by other causes of which the action 
has ceased. The present sea has a very considerable action 
on these pebbles, always driving them inwards according to 
the direction of the prevailing winds of the country. The 
southern coast of England presents many examples of this 
phenomenon. These pebbles, if they do not belong to the 
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dilnyial period, come from fragments of rocks torn from the 
bottom of the sea, or from blocks which have fallen from the 
difBs, and are reduced to fragments by being tossed against 
each other. 

225. Heaps of Shells. — ^Among the pebbles and sands 
which cover the beaches are always shells and other marine 
animals, belonging to species which live on the coast. It not 
nnfrequently happens that large heaps of testaceous molluscs 
have been accumulated on certain parts of the coasts, and 
their identity with those of the neighbourhood, as well as the 
continuation of the formation of these deposits, shew that 
they are owing to causes at present acting. Heaps of shells 
of the same nature have also been found considerably elevated 
above high water-mark, in beaches that have been elevated 
by causes acting locally. Whales and dolphins are sometimes 
cast ashore, and if these animals are left untouched by man, 
their flesh putrefies, and the sands at length cover them. It is 
not uncommon to find in the sands on the sea-shore entire 
skeletons of large animals which have been buried in this 
manner. At high tides, and in great storms, the sea bursting 
over the natural barriers, forms in the interior pools, which, 
on drying, leave a marine deposit impregnated with salt. In 
the same circumstances it sometimes flows into fresh-water 
lakes, in the bottom of which there must subsequently form 
a marine deposit From this it is seen that if the fresh waters 
carry terrestrial and fluviatile productions into the midst of 
marine deposits, the sea also transports its products into the 
midst of fresh- water deposits. 

226. Deposits Formed by Marine Currents. — The wa- 
ters of the ocean are continually eroding the bottom, and car- 
rying along shells, corals, and part of the detritus deposited 
in the sea by rivers, which they allow to subside when the 
velocity of the currents is retarded or ceases. In this man- 
ner are formed deposits often of great extent, many of which 
are shoals dangerous to navigators. Marine currents also 
transport great quantities of wood, which accumulate in 
small bays. The banks formed by them are very numerous 
on the coasts of England and Holland. We have no direct 

'^of of the formation of chemical deposits in the waters of 
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the present seas, but as thej hold in solution various mineral 
substances, and as mineral springs in all probability arise in 
them, it is reasonable to suppose that depositions take place 
in them. All the deposits spoken of above contain remains 
of marine animals, especially of such as live in the vicinity 
of the countries where they are deposited. Land and fresh- 
water productions, even bones of men and products of human 
industry, often occur in these deposits mixed with marine bo- 
dies, especially near the coasts. 

227. Sands and Downs. — ^In countries where the winds 
blow upon the coast with considerable violence, the sand 
thrown up by the sea is transported to some distance inland, 
and often forms heaps or hillocks, named downs or sand-hills. 
This phenomenon is produced on a great scale along the coast 
of France, from Bayonne to Dunkirk. On inspecting a mass 
of downs, it is seen to be composed of hillocks, often of con- 
siderable height, placed side by side, and sometimes arranged 
in a manner somewhat similar to that of mountain-chains. 
From Bayonne to Calais the masses assume the form of a 
triangle, of which the base is on the coast and the apex in- 
land. On the coasts of Scotland, however, the hillocks seem 
to have no determinate form or direction. Between the Dee 
and the Don, they form a belt parallel with the coast; 
in Morayshire an irregular expanse, sometimes fiat, some- 
times hilly ; and in the outer Hebrides, at one time they pre- 
sent a nearly flat surface, on the breaking up of which by the 
winds, steep hillocks with flat grassy tops are formed, and 
subsequently an undulating surface of drifting sand. Downs 
are generally formed of irregular layers of fine quartz sand, 
with a little calcareous matter intermixed, frequently also frag- 
ments of shells; but in some countries the sand is almost entire- 
ly calcareous, being composed of comminuted shells or corals. 

228. Deift Sands. — ^When the particles are fine, the 
winds transport them with more facility, and in stormy wea- 
ther the air is often loaded with them. All travellers who 
have visited the coasts of Africa have observed this pheno- 
menon, which is extremely annoying. At the mouth of the 
Garonne and Adour the sands advance with great rapidity 
eastward, covering the fields, woods, and villages. In many 
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parts of England md Scotbnd great devastaiions hasve been 
committed hy sand floods. Bui it is in the eastern countries 
that their ravages hsre been most extended. " The sands 
of the Libyan desert," says Be Lnc, ** diiren by the west 
winds, hsve left no lands enable of tillage <m. any parts of 
the western banks of the Nile, not sheltered by mountains. 
The encroachment of these sands on districts which were 
formerly inhabited and cnltiyated is CTidently seen. M. Be- 
non informs ns in his TrsTels in Lower and Upper Egypt; 
that summits of the rains of ancient cities, buried under these 
sands, still i^pear externally ; and that but for a ridge of 
mountains caUed the Libyan chain, which borders the left 
bank of the Nile, and forms, in the part where it rises, a bar- 
rier against the inyasion of these sands, the shores of the 
riyer; on that side, would long since have ceased to be habi- 
table. ** Nothing can be more melancholy," says Denon, 
^ than to walk oyer Tillages, swallowed up by the sand of 
the desert, to trample undw foot their roofep to strike against 
the summits of their minarets, to reflect that yonder were cul- 
tivated fields, that there grew trees, that here were even the 
dwellings of men, and that all have vanished." Drift sands 
on the sea-coast may be fixed by planting them with Arundo 
arenaria, as has been practised in France, or by covering them 
with square pieces of turf placed at short intervals, as has 
been done to a small extent in the Hebrides. 

229. FoBMATioN OF Pbat. — ^In the low parts of plains, 
where water stagnates, in the bottom of hollows on the sides 
of mountains, and even occasionally on their summits, are 
found in cold and temperate climates, masses of a brown car- 
bonaceous substance, burning with an empyreumatic smell, 
and leaving behind a great quantity of ashes. This substance, 
which is called peat or tubf, is formed by the gradual de- 
composition of successive layers of vegetables. In the upper 
parts of a mass of peat we observe roots, slender stems, and 
leaves, coming from a great variety of woody and herbaceous 
plants ; farther down, these substances are more decomposed, 
and the peat has a darker colour, and denser texture, which 
increase until in the lower part it is almost solid and nearly 
black, although even there v^;etable fibres can easily be dis- 
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tinguished^ and frequently even roots and twigs of trees. In 
low places covered with water during a great part of the year, 
succulent vegetables, easily decomposed, usually grow. They 
die in winter, and, falling to the bottom, form a thin layer. 
Tear after year a similar deposit is made, until at length the 
mass acquires a great thickness. In Britain, however, peat 
is generally formed in a different way. Mosses, lichens, 
carices, and other plants, including heath, cover the surface, 
and gradually increase ; every year a portion of the roots, and 
the stems and leaves of the herbaceous species, die, and form 
an addition to the soil ; and in this manner the peat, composed 
of the partially decomposed vegetation, accumulates. In the 
Hebrides, for example, the most common kind of peat is of a 
spongy texture, composed almost entirely of the roots of Scir- 
pu8 csespitosus, Carices, Junci, and Eriophora. It is generally 
more or less continuous at the surface, and frequently occupies 
the gentler slopes and lower tracts. Beneath this more spongy 
peat, there is generally a layer, more or less deep, of a darker, 
more compact, and less fibrous kind, from which the natives 
extract their fuel. Peat of this kind also occurs in the lower 
parts of valleys and hollows, where it presents an irregular 
surface, formed of tufts of heath elevated above the general 
level, surrounded by mud, and in winter generally converted 
into islands. The pasturage in these low bogs is of the worst 
description, and cattle not unfrequently perish by sinking in 
the mud, as they attempt to pass from one tuft to another. 
When the depth of soil is not great, and the declivity consi- 
derable, the peat is generally of a light brown, somewhat 
earthy appearance, friable when dry, and much impregnated 
with iron, leaving a great quantity of reddish ashes when 
used as fuel. Heath is the predominant plant which this va- 
riety yields. When peat has formed in lakes or marshes, or 
on the margins of rivers, floods deposit a thin layer of sand 
or mud, which is overgrown with peat ; and thus a succession 
of layers may sometimes be observed. Large tracts of peat 
bog, on the Continent, as well as in Ireland and Britain, 
have been formed chiefly, or in great part, of decayed forests. 
230. Pbesebvation op Organic Bodies in Peat. — The 
organic remains that occur in peat belong to species still liv- 
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ing, or which have liyed, since the creation of man. The oc- 
currence of trees in peat bogs is very common, and the spe- 
cies usually found are oak, birch, alder, hazel, and pine. 
Sometimes portions remain standing, and frequently the 
trunks all lie in the same direction, as if they had been le- 
velled by a tempest. Feat has a very remarkable antiseptic 
property, insomuch that the bodies of men and aTiimn.|B have 
been found entire in it, after a lapse of many years. In some 
of these cases the flesh was converted into adipocere. Horns 
of stags, frequently with the skull attached, are often found 
in peat in Scotland. In various parts of Europe, as well as 
in Britain and Ireland, bones and horns of the Red Deer, 
Boe, Aurochs, and Boar, together with land and fresh-wat^ 
shells, have been found. Remains of ships, canoes, stone* 
hatchets, arrow-heads, and other works of art, have frequent- 
ly occurred in peat. 

231. Madrepore or Coral Deposits. — The calcareous 
deposits formed by zoophytes are of vast extent in the Pacific 
Ocean, the Indian Archipelago, and other portions of the 
globe. Coral islands, however, are not exclusively the work 
of these animals, but are partly formed of shells, echini, 
Crustacea, and other marine productions. The reefs are usu- 
ally of a circular form, with a lagoon in the centre, where the 
smaller species find a tranquil abode ; but frequently, also, 
they are elongated, and all are surrounded by a deep sea. 
It has been supposed that they are placed on the summits of 
submarine mountains, and that those of a circular or oblong 
form occupy the edges of volcanic craters. ^ This opinion,** 
says Mr Lyell, '' is strengthened by the conical form of the 
submarine mountain, and the steep angle at which it plunges 
on all sides into the surrounding ocean. It is also well 
known that the Pacific is a great theatre of volcanic action, 
and every island yet examined in the wide region termed 
Eastern Oceanica, consists either of volcanic rocks or coral 
limestones. In the Pacific Ocean the reefs are sometimes of 
great extent : thus the inhabitants of Disappointment Islands, 
and those of DufPs Group, pay visits to each other, by pass- 
ing over long lines of reefs from island to island, a distance 
of six hundred miles, and upwards.'' Beds of corals have 
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been found, in a few instances, to alternate with volcanic pro- 
ducts. The interior of the earth contains a yast quantity of 
fossil zoophytes, some limestone beds being almost entirely 
formed of them. This proves that these animals were at 
least as numerous in the ancient seas as in that of the pre- 
sent day, and that they laboured precisely in the same man- 
ner. 

232. Deposits fobmed by Springs. — ^Water is never per- 
fectly pure, but contains some substances in solution ; and 
many springs are so impregnated with mineral matter, as to 
form deposits of considerable extent. Of this kind are the 
Travertines or Calcareous Tufas, which are composed of 
carbonate of lime held in solution by springs, which, on being 
deposited, forms a limestone often sufficiently hard for build- 
ing, and frequently enveloping animal and vegetable sub- 
stances. The hot springs of San Philippo, which contain 
silica, sulphate and carbonate of lime, sulphate of magnesia, 
and sulphur, and in which Confervse grow, notwithstanding 
their high temperature, have covered the ground with a bed 
of travertine, which is daily increasing. The plain which ex- 
tends from Rome to the mountains of Tivoli is covered with 
a deposit of travertine, in which are imbedded Lymnese and 
Snails. A similar deposition sometimes takes place in lakes 
and marshes. 

233. Stalactites. — The calcareous deposits which deco- 
rate the interior of many caves in the form of stalactites, are 
formed by the evaporation of water holding carbonate of lime 
in solution. Drops of this water fall successively from a par- 
ticular place, in which some particles of limestone are depo- 
sited. These increase, until a small protuberance is formed. 
The water trickling over this protuberance, leaves upon it a 
series of conical pellicles ; and the body thus formed may be- 
come elongated, so as even to reach the floor. The carbonate 
of lime is generally pure white and crystalline, but some- 
times yellow, being coloured by iron. Water dropping on 
the floor of the cave, or trickling along the walls, deposits 
sheets of solid matter, which in this case is named Stalag- 
mite. This substance, thus formed in the bottom of caves, 
incrusts and covers over the substances lying there. In this 
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manner have been preserved, from time immemorial, great 
quantities of bones, earthen-ware, and other works of art, 
which are now found on breaking the layer of stalagmite that 
covers the floor of certain caves. Siliceous stalactites and 
stalagmites also, but less frequently, occur, and are deposited 
from the hot waters of volcanic districts. 

234. Boo Iron-ore. — Oxide of iron existing in solution in 
almost all water, ferruginous depositions are often formed, of 
which the most important is that named Bog Iron-ore. It 
frequently occurs at the bottom of peat mosses, covering large 
spaces, but not of great thickness ; and in marshy places is 
sometimes found in deposits, of sufficient importance to be 
worked as an ore of iron. Other deposits of mineral mat- 
ters are formed in a similar manner, but of them it is 
not necessary to speak here. To this modem period belongs 
the great series of volcanic phenomena, together with those 
of Earthquakes, which will form the subject of a separate 
chapter. 



Recapitulation. 



211. What is meant by the Modem Epoch t What are its 
principal characteristics % Of what nature are its deposits 1 
— 212. What is vegetable soill Is it widely extended t 
How does it influence the vegetation 1 — 213. How are rocks 
disintegrated 1 In what order are the fragments of slips de- 
posited t How does water act in decomposing rocks t De- 
scribe the action of frost % — 214. How do debris act in pre- 
serving rocks from farther disintegration 1 What circum- 
stances relative to them are worthy of being noticed % — ^215. 
Describe the manner in which detritus is carried along and 
deposited by rivers. — 216. How does running water act on 
its banks 'I At what part of a river is the velocity greatest % 
What are the highest parts of the banks of a winding river % 
— 217* How are the deposits in the lower parts of valleys 
formed 1 Are depositions more abundant in the bed of a river 
than on its margins 1 What effect is produced by these depo- 
sitions % — 218. What kind of detritus is carried to the mouth 
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of rivers 1 How is it deposited there 1 What are deltas 1 — 
219. Describe the delta of the Nile. Whence comes the mud 
of that river 1 — 220. Are deposits formed in lakes 1 Are lakes 
ever filled up by them 1 In lakes what is the order of depo- 
sition of the detritus 1 How are hollows in the land some- 
times filled up by deposits 1 — 221. What effects are produced 
by sudden eruptions of water 'J Give an example. — 222. How 
is the detritus of the sea connected with that of rivers and 
lakes 1 In what manner do the waves heap up detritus on 
the shores 1 — 223. Give some examples of modem marine 
conglomerates. — 224. How are pebbly beaches formed 1 — 
225. Are heaps of shells ever deposited on the shores 1 What 
other animals are sometimes buried there 1 May fresh-water 
and marine organic bodies be mixed together 1 — 226. What 
deposits are formed by marine currents'? — 227. How are 
downs formed 1 — ^228. Give an account of sand-floods. How 
is sand-drift prevented 1 — 229. What is peat? How is it 
formed ? Mention some of its varieties. — 230. What sub- 
stances are preserved in it % — 231. What is the form of coral 
islands 1 Why are they supposed to be placed on the sum- 
mits of volcanic mountains 1 Are the reefs sometimes of 
great length 1 — 232. What deposits are formed by springs ? 
What is the nature of Travertine % — 233. Describe the mode 
of formation of stalactites and stalagmites. — 234. 'How is Bog 
Iron-ore formed 1 



CHAPTER II. 

OF VOLCANOES AND EARTHQUAKES. 

NATURE, DISTRIBUTION, ERUPTIONS, AND PRODUCTS OF VOL- 
CANOES. EXTINCT VOLCANOES. CRATERS OF ELEVATION. 
CONNECTION OF VOLCANOES AND EARTHQUAKES. PHE- 
NOMENA AND EFFECTS OF EARTHQUAKES. 

235. Nature op Volcanoes. — Among the agents which 
have produced the greatest modifications upon the surface of 
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ike globe. Volcanoes and Earthquakes occupy a conspicuous 
place. Volcanoes are openings in tke crust or outer layer of 
ike globe, tkrougk wkick are emitted^ at intervals or conti- 
nuously, yarious substances, generally in a state of fusion or 
incandescence, togetker witk aeriform fluids. Tkey are usually 
situated on tke summit of detacked mountains^ and present 
at their extremity tke form of a funnel, to wkick tke name of 
Crater is giyen. Tkese mountains, wkick are always formed 
of substances ejected from tke interior of tke eartk, are gene- 
rally seated on old volcanic deposits, wkick differ in some re- 
spects from tke modem products of yolcanoes. 

236. Distribution of Volcanoes. — ^Volcanoes are yezy 
extensively distributed, altkougk large portions of tke globe 
are entirely free from tkem. Tkey usually form series of im- 
mense extent, frequently running in rigkt lines, altkougk 
widely separated from eack otker. Of tkese great series, one 
of tke most remarkable is tkat presented by tke ckain of tke 
Andes, wkick, extending from Patagonia along ike wesiem 
coast of Soutk America, forms ike istkmus by wkich ike two 
great portions of tke western continent are united, traverses 
Mexico, and continues its course northward into tke Rocky 
Mountains of Nortk America. From Patagonia to Mexico 
upwards of sixty yolcanoes are known to exist in tkis range. 
Anotker great range of volcanic action commences in ike Aleu- 
tian Archipelago, and extends to Kamischatka^ the Kurile 
Isles, the Japanese and Philippine Islands, Loo Choo, Celebes, 
and the Moluccas, where it branches off to the east and west. 
In Europe there are few active volcanoes : Mount Etna in 
Sicily, Vesuvius on the opposite coast of Italy, Stromboli in ike 
Lipari Islands, Hecla and five others in Iceland, are all that 
are known. According to D' Aubuisson, M. Ordinaire estimates 
the number of active volcanoes at 205, of which 107 are in 
islands, the other 98 on the continents. It is a remarkable 
circumstance, that all the volcanoes which are at present in 
a state of activity are situated in the vicinity of tke sea. 
It is also well known tkat there exist many submarine vol- 
canoes, of wkick tke island formed in 1707 near Santorin, 
those in 1638, 1720, and 1811, near St Mickael in tke Azores, 
in 1783 on tke soutk-west coast of Iceland^ tkat in. 1831 
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not far from Sicily, and other phenomena of a like nature 
aft>rd ample proof. 

237. Ebuptions. — Volcanoes do not always continue in a 
state of activity, but experience periods of cessation, and even 
remain quiet for centuries. Others that have formerly been 
in action are now to appearance finally exhausted, and are 
called Extinct Volcanoes, of which there are upwards of an 
hundred in Auvergne, the Vivarais, and the Cevennes in 
France. The first symptoms of volcanic action are subterra- 
nean noises, shakings of the ground, and the emission of 
smoke by the crater. The quantity of smoke increases, is 
mixed with ashes, and, in calm weather, is seen rising in 
the fom of an immense column, which having attained a cer- 
tain height, spreads out so as to represent the expanded sum- 
mit of a pine. When the air is agitated, the smoke rolls 
along it immense clouds, which cover the surrounding coun- 
try witk darkness. Jets of burning sand and ashes from the 
volcano traverse these colunms and clouds, which sometimes 
emit lightnings. Then follow eruptions of incandescent 
masses of stone, which are projected into the air, and fall in 
all direc'^ions around the volcano, in the form of sand, dust, 
cinders, or stones. The shakings of the earth continue ; the 
melted matter contained in the volcano ascends into the cra- 
ter, and overflowing the lowest part of its edge, descends 
along the sides of the mountain, sometimes with great velo- 
city, but more usually in a stream flowing with slow and ma- 
jestic motion. Frequently an opening takes place in the side 
of the mountain, through which the lava makes its escape. 
Enormous currents of mud and water sometimes burst forth, 
and torrents of rain fall from the atmosphere, while the noxi- 
ous exhalations often spread over the surrounding country, 
and destroy animal and vegetable life. The earthquakes 
which usually extend to a variable distance around the vol- 
cano, diminish or cease when the lava has flowed for some 
time, the explosions are discontinued, and the volcano attains 
a kind of rest, but often bursts forth again with redoubled 
fury, until it at length becomes quiet, and remains so per- 
haps for a long series of years. 

238. Products op Eruptions. — The smoke of volcanoes 
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generally consists of aqueous vapour, impregnated with hf- 
drogen and carbonic acid gases, or sulphurous acid. The 
ashes consist of powder of a grey colour, in a state of extreme 
tenuity, and are usually mixed with sand. In the eraplion 
of Hecla in 1766, complete darkness was produced by the 
clouds of ashes, to a great distance, and in 1812, a cloid of 
volcanic ashes and dust, from a volcano in the island «f St 
Vincent, covered the whole of Barbadoes, producing stch a 
degree of darkness, that at noon the nearest objects cou^d not 
be distinctly perceived. An eruption which took pli.ce in 
Sumbawa, one of the Molucca Islands, in April 1815, c:>vered 
Java, three hundred miles distant, with clouds of ashes, 
which fell on the fields to the height of several inches, Vol* 
canic sand consists of small cinders, usually mixed with crys- 
tals of augite and felspar, and forms the greater portioa of the 
substances projected by volcanoes. Scoriae or cinders consist 
of portions of the melted lava projected by the escape of elas- 
tic fluids. One of the most remarkable substances produced 
by volcanoes is sulphur, which, Humboldt remark/^ is very 
rare in craters which are still burning, while all the old vol- 
canoes ultimately become solfataras. Besides these matters, 
lava and mud are ejected in vast quantities. 

239. Lava. — The mass of incandescent and melted matter, 
which, carried upwards to the mouth of the crater by the 
force of the elastic fluids, escapes at the lowest part of the 
brim, or through an aperture formed in the side of the moun- 
tain, is what is termed Lava. In descending alon^ the sides, 
its currents scoop out grooves in the sand and ashes, carry 
part of these substances with them, and on arriring at the 
bottom relax their speed, and spread out or divide into 
branches. By the eruption of Skaptar Jokul in Iceland, in 
1783, two vast streams of lava were produced, one of which 
was 50, the other 40 miles in length, with a breadth in some 
places extending to 15 miles, and an average depth of 100 
feet. According to Dolomieu, these currents have two kinds 
of progressive motion, the matter of which they are composed 
sometimes rolling upon itself, and sometimes flowing beneath 
the consolidated surface as beneath a bridge. The velocity 
with which they move varies exceedingly, depending upon the 
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inclination of the subjacent surface, and the mass and visco- 
sity of the matter. Von Buch, who witnessed the eruption 
of Vesuvius which took place in 1805, saw a torrent descend 
from the summit to near the sea, over a space of about 4^ 
miles, in three hours. In general, however, currents of lava 
move with extreme slowness, and Dolomieu mentions one 
which took two years to traverse a space of 380 metres. The 
tenacity of lavas is usually so great, that it is difficult to 
thrust a stick into them while they are flowing, and Spallan- 
zani hardly produced any impression upon a current, by 
throwing very large stones upon it. Lavas also take an 
extraordinary time in cooling. Currents are mentioned which 
were still progressing ten years after their eruption. Spal- 
lanzani, while passing over a current which had ceased to 
flow for eleven months, saw through the cracks in its surface 
that it was still red. 

240. Mud. — Besides these matters, torrents of water and mud 
are often ejected by volcanoes. Breislak is of opinion that 
most of those which are alleged to have issued from Vesu- 
vius and Etna, were produced by heavy rains, the water of 
which, mixing with the ashes and sand, flowed to the bottom 
of the mountain, and were presumed to have come from its 
crater. Such volcanoes as rise into the region of perpetual 
snow, often cause torrents, which do not issue from the crater, 
but are produced by the melting of the snow and ice. Con- 
damine relates, that six hours after an eruption of Goto- 
paxi, a village, 30 leagues distant in a straight line, was 
swept away by a torrent of this kind. At other times they 
arise from water accumulated in fissures and subterranean 
caverns ; and, in general, cannot be supposed to come direct- 
ly from the focus of volcanic action. 

241. Volcanic Dtkes. — The volcanic matters accumulated 
around a crater, are often cracked by the shocks to which they 
are exposed during eruptions. The fluid lava introducing itself 
into the crevices, fills them entirely, or in part, and forms a 
kind of veins or dykes. M. de la B^che informs us that the 
matter of these dykes diflers considerably from that of lava, 
augite being more abundant in it, while the leucite, so com- 
mon in lava, is of rare occurrence. In the middle, the tex- 
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ture is more crystalline than toward the side. According to 
Dr Daubeny, dykes of a cellular trachitic lava are seen tra- 
versing volcanic tufa in Stromboli and Yulcanello. The old 
lavas of Etna are intersected by dykes of a porphyritic rock. 
During an eruption of Vesuvius, in 1794, a rent was formed 
near the bottom of the mountain, 2375 feet in length, and 237 
feet in breadth, which was filled with compact lava. These 
phenomena afford an explanation of the formation of trap 
dykes in the stratified rocks. 

242. Extinct Volcanoes. — Many volcanoes are known, 
which, although their craters remain entire, and are surrounded 
by currents of lava, scorieB^ and ashes, have not been observed 
in action. These extinct volcanoes are found in almost every 
part of the globe ; but the most celebrated are those of Italy, 
the Grecian Archipelago, Spain, Portugal, the banks of the 
Bhine, and Auvergne. In the latter country, in particular, 
the phenomena resulting from volcanic action are displayed 
in the most interesting manner; craters remaining entire, 
lava currents, tufas, and ashes, with remains of animals and 
plants overwhelmed by them. Extinct volcanoes are seldom 
isolated, but form groups often of vast extent ; their craters 
are frequently of enormous size ; and from the appearances 
which they present, it is to be inferred that volcanic action 
was formerly much more energetic and extended than it is 
now. These ancient volcanoes connect the modem volcanic 
with the trachytic series, and the latter pass into the basaltic 
and other trap rocks, to all of which therefore, including the 
porphyries and granites, a common origin must be assigned, 
although, from being placed under different circumstances, 
they vary in their phenomena. 

243. Cratebs of Elevation. — Besides the craters of erup- 
tion, it has been maintained, by Von Buch and others^ that 
many volcanic mountains present more extensive craters, 
which have been formed by the elevation of the ground pre- 
vious to volcanic eruptions, and are therefore called craters 
of elevation. '' Suppose,'' says Mr Bakewell, ** successive 
beds of lava were poured through a chasm, over the bottom of 
the ocean, and were consolidated over each other, filling and 
coveting the chasm, through which they had been erupted. 
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In a future volcanic paroxysm, the lava being prevented from 
ascending through the former opening, and the force acting 
with compressed intensity, might upheave the beds of sub- 
marine lava, and the subjacent rocks, to a considerable height 
above the sea, before a new passage was opened for a subse- 
quent eruption. This would be a crater of elevation. With 
the ancient lava, the lower beds of granite or other rocks 
might also be raised up." 

244. Position of Volcanic Fibes. — ^That a connection- 
exists between volcanoes situated at a vast distance from each 
other, is proved by many facts. Thus, in 1783, when a sub- 
marine volcano on the coast of Iceland suddenly ceased its 
eruptions, a volcano burst out in the interior of that island, 
at the distance of 200 miles ; and four new volcanoes ap- 
peared in the Andes, on the night in which Lima and Callao 
were destroyed by an earthquake. The source of the volcanic 
fires must therefore be situated deep in the interior. This is 
farther proved by the existence of several craters upon the old- 
est rocks in the series, and by the frequent ejection of fragments 
of these rocks. Besides, were these foci not deeply seated, the 
ground in the vicinity of volcanoes would sink down. 

Other circumstances relative to volcanoes might be stated ; 
but, as our space is limited, we must proceed to the conside- 
ration of earthquakes. 

245. Connection of Volcanoes and Earthquakes. — 
Earthquakes are most numerous and most violent in volcanic 
countries, and the regions in their vicinity. Sometimes they 
are confined to the district immediately surrounding a vol- 
cano; but, more generally, they extend to great distances 
with extreme rapidity. The great earthquake which destroyed 
Lisbon in November 1755, extended nearly over the whole of 
Europe, and even to the West Indies. St Eubals, 20 miles 
south of Lisbon, was engulfed ; a wave, 60 feet high, swept 
over the coast of Spain ; at Tangier, in Africa, the sea rose 
and receded eighteen times ; at Funchal, in Madeira, it rose 
15 feet above high water-mark ; and at Barbadoes it rose 20 
feet. At Algiers, Fez, and Morocco, the agitation was vio- 
lent ; and tremors were felt in Italy, Switzerland, Holland, 
Germany, Sweden, and Norway, as well as in Antigua and 
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Barbadoes. " Earthquakes and yolcanoes/' says Mr Bake- 
well, '* may be considered as different effects produced by the 
agency of internal heat. They frequently accompany each 
other, and, in all instances that have been observed, the first 
eruption of a volcano is preceded by an earthquake of greater 
or less extent. Volcanoes do not make their appearance in 
every country where the shock of an earthquake is felt, but 
earthquakes are more frequent in volcanic districts than in 
any other." 

246. Phenomena of Eabthquakes. — Earthquakes are 
generally preceded by an unusual state of the atmosphere, 
subterranean noises resembling thunder, the rolling of car- 
riages, and sometimes discharges of artillery, the drying of 
springs and wells, the agitation of quadrupeds and birds. 
There is generally an^unusual agitation of the waters of the 
ocean and lakes, and springs frequently pour forth torrents of 
mud. The shocks succeed each other with more or less rapi- 
dity, and are often continued at intervals for weeks or months. 
The sea is violently agitated ; but it is maintained by some, 
that during earthquakes, as well as during volcanic eruptions, 
the atmosphere does not, in any corresponding degree, parti- 
cipate in the agitation experienced by the crust of the globe, 
and the waters which partially cover it. During the shocks, 
fissures and chasms are made in the ground, through which 
smoke and flames sometimes issue, but more frequently tor- 
rents of water. 

247. Effects of Earthquakes. — The permanent effects 
of earthquakes are less conspicuous than those of volcanoes. 
The modifications effected on the surface by volcanic agency 
consist of extensive accumulations of ashes, sand, scoriae, and 
mud, great streams and deposits of lava, which fill up ravines 
and lakes, and cover large portions of country, together with 
conical mountains, often of enormous dimensions, produced 
by the progressive heaping up of the matters ejected- by the 
craters ; but volcanoes, it has been alleged, have never raised 
up or overturned the strata through which their apertures 
pass, and have in no degree contributed to the elevation of 
the great mountains that are not volcanic. However, if we 
connect the phenomena of earthquakes and volcanoes, and 
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consider that both have a common cause, the upheaving of the 
ground may be attributed as much to the one as to the other. 
The action of earthquakes is the displacement or undulation 
of the solid parts, and the agitation of the liquid. When the 
paroxysms have ceased, little effect may be found to have 
been produced ; but often also open fissures, subsidences of 
the ground, deep pits, and elevated ridges, remain. It is be- 
lieved that depressions of the strata more commonly result 
from earthquakes, but examples of elevation to a great extent 
are also adduced. 

248. Earthquakes of Lisbon and Calabria. — The first 
intimation of the approach of the great earthquake, which, 
in November 1755, destroyed the greater part of Lisbon, 
was a subterranean noise resembling distant thunder. Pre- 
sently afterwards the city was shaken with such violence as 
to overthrow nearly all its houses, and in about six minutes 
60,000 people perished. The sea retired, so as to lay bare 
the bed of the harbour, but immediately returned, with a 
front at least fifty feet higher than its ordinary level. A vast 
number of inhabitants had collected on a new quay built of 
marble, as a place of safety; but at the next shock, the 
earth opened and swallowed up the whole, together with a 
number of small boats and other vessels, filled with people; 
The depth of the water in this place was afterwards found 
to be 600 feet. The earthquakes which devastated Calabria 
commenced in February 1783, and lasted to the end of 1786. 
In a circle of twenty-two miles radius around the city of 
Oppido, all the towns and villages were destroyed. The 
convulsive motion of the earth resembled the rolling of the 
sea, and was like what might have been produced by the 
agitation of a vast mass of liquid matter under the grounds 
Various singular effects were produced, massive buildings 
being thrown down in one place, while those slightly con- 
structed remained uninjured, and in other towns the reverse 
took place. Fissures opened and closed, some of them so 
large as to engulf houses and trees ; others remained open ; 
the ground sunk in some places, and lakes were formed, which 
have since remained. Great quantities of earth were hurled 
from steep hills into the valleys ; and a mass, 400 feet in 
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diameter and 200 feet thick, travelled four miles. The plain 
of BosamO; consisting of aUuyial soil, was found covered 
with circular hollows, with fissures radiating from them 
in all directions. It was estimated that 40,000 persons were 
destroyed by the earthquakes, and nearly 20,000 more by epi- 
demics resulting from famine and noxious vapours. 

249. Elevation of Land by Earthquakes. — As related 
by Mrs Graham, a succession of earthquakes, which agitated 
Chili from the 19th November 1822 to the end of September 
1823, had the eifect of permanently raising a great extent of 
country. On the first shock on the night of the 19th Novem- 
ber, the sea in Valparaiso harbour rose to a great height, 
then receded so as to leave the small vessels that were before 
afloat dry on the beach, and afterwards returned, but without 
gaining its original level oi^ the land. On the morning of the 
20th all the rivers and lakes were much swollen, in conse- 
quence of the dislodgement of snow from the mountains ; in 
all the small valleys the earth of the gardens was rent, and 
quantities of water and sand were forced up through the 
cracks to the surface ; and in the alluvial valley of Vina a la 
Mar, the whole plain was covered with cones of earth about 
four feet high, occasioned by the water and sand which had 
been forced up through funnel-shaped hollows, the whole sur- 
face being thus reduced to the consistence of a quicksand. 
The bed of the lake of Quintero was full of large cracks, and 
the level of the lake had apparently sunk very much. The 
granite of part of the coast was found rent by parallel cracks, 
many of which might be traced from the beach to the distance 
of a mile and a half. 

The whole line of coast, to the distance of above 100 miles, 
appeared to have been raised above its former level. An old 
wreck of a ship, which before could not be approached^ was 
now accessible from the land. The alteration of level at Val- 
paraiso was about three feet, at Quintero about four feet 
The old bed of the sea was laid bare along the coast, with 
oysters, mussels, and other shells, adhering to the rocks on 
which they grew. Mrs Graham found reason to believe that 
the coast had been raised by earthquakes at former periods in 
a similar manner, several ancient lines of beach, consisting of 
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shingle mixed with shells, extending in a direction parallel 
to the shore, to the height of fifty feet aboye the sea. 

250. General Effects. — The more usual effect of earth- 
quakes is the fissures which they produce in the mineral 
strata, and which are frequently of great extent. Thus Ulloa 
relates that in Peru, during the earthquake of 1746, a crack 
was produced- a league in length, and four or five feet in 
breadth ; and Grimaldi states that, by the earthquake of 1783, 
in Calabria, a calcareous mountain called Zefirio was split in 
two for the length of nearly half a mile, and a breadth of 
many feet. Extensive chasms open, slips and subsidences of 
the ground take place, ravines, valleys, and lakes are formed, 
maritime cliffs fall, the alluvium and soil are heaped up, and 
parts of the earth's surface are permanently elevated or de- 
pressed to a great extent. By the earthquake which happened' 
in Jamaica in 1692, the highest mountain of the island was 
sunk; and on the 11th August 1772, the largest volcano in 
Java suddenly disappeared, after a violent eruption. 

D'Aubuisson is of opinion that the effects of earthquakes 
are greatly exaggerated in a geological sense. " If," says he, 
'' the geologist confines himself to the facts which the histo- 
rian relates and proves, he will find that earthquakes are no- 
thing more than mere trepidations of the ground. The mi- 
neral masses remain in the same order, and with the same 
solidity as before. A few cracks and fissures are the only 
geological effects that result from them.'' Mr Lyell, on the 
contrary, thinks that the superficial alterations arising from 
earthquakes and volcanoes, important as they are in them- 
selves, are still more so as indicative of far greater changes 
in the interior of the earth's crust. " The renovating as well 
as the destroying causes are unceasingly at work, the repair 
of land being as constant as its decay, and the deepening of 
the seas keeping pace with the formation of shoals. If, in 
the course of a century, the Ganges and other great rivers 
h&ye carried down to the sea a mass of matter equal to many 
lofty mountains, we also find that a district in Chili, one 
himdred thousand square miles in area, has been uplifted to 
the average height of a foot or more, and the cubic contents 
of the granitic mass thus added in a few hours to the land may 
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have connterbalanced the loss effected by the aqueous action 
of many riyers in a century. On the other hand, if the water 
displaced by fluviatile sediment cause the mean level of the 
ocean to rise in a slight degree, such subsidences of its bed; 
as that of Cutch in 1819, or St Domingo in 1751, or Jamaica 
in 1692, may have compensated by increasing the capacity 
of the great oceanic basin. To conclude ; it appears from the 
views above explained, respecting the agency of the subter^ 
ranean movements, that the constant repair of the dry land, 
and the subserviency of our planet to the support of terres- 
trial as well as aquatic species, are secured by the elevating 
and depressing power of earthquakes. This cause, so often 
the source of death and terror to the inhabitants of the globe^ 
which visits in succession every zone, and fills the earth with 
monuments of ruin and disorder, is nevertheless a conserva- 
tive principle in the highest degree, and, above all others, es- 
sential to the stability of the system." 

261. SxTMMART. — Considered with reference to the forma- 
tion of the crust of the globe, the phenomena thus exhibited 
at its surface are of importance as analogues of those present- 
ed by that part of its interior to which we have access. If 
we reflect that such of the operations of nature as we can ob- 
serve, are now conducted chiefly at the surface, in the at- 
mosphere, whereas those of former periods were, in respect 
to what is now dry land, performed in the midst of the wa- 
ters, we may find reason to think that the analogies are not 
so wide as they might at first sight appear. The crystalline 
deposits from aqueous solution, of which we can now trace 
the progress, are few and of small extent. Mechanical de- 
posits, analogous to the conglomerates, shales, and sand- 
stones of former periods, are much more numerous and more 
extensive. We see imbedded in them remains of plants and 
animals, which occupy positions similar to those of the fossil 
species. Superficial layers of vegetable matter, sometimes 
alternating with others of sediment, also occur. Ijastly, ig- 
neous products from the interior, disgorged by volcanic aper- 
tures spread over the surface, and alternate with deposits of 
another nature. This analogy of materials would lead us to 
suppose a similarity in the mode of their production, and con- 
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nect the modem products of volcanoes with the ancient masses 
of the trap and granitic rocks. From the surface, then, we 
may at once betake ourselves to the plutonic regions of the 
centre, where perennial fires are supposed to rage. 



Recapitulation, 



235. Define a volcano. — 236. Are volcanoes extensively 
distributed 1 Mention some examples 1 Do any occur in Eu- 
rope 1 Are any situated near or in the sea % — 237. Are vol- 
canoes continually in action 1 What are the symptoms of an 
eruption? Describe its progress. — 238. "What are the pro- 
ducts of volcanic eruptions 1 — 239. Give an account of lava. 
What kind of motion has it ? Does it cool rapidly ] — 240. 
Wlience come the torrents of mud and water that accompany 
volcanic eruptions 1 Give an example. — 241. How are vol- 
canic dykes formed *? — 242. Are extinct volcanoes numerous 1 
Are they generally isolated 1 — 243. What is meant by craters 
of elevation 1 How have they been formed *? — 244. Is the 
source of volcanic fire deep seated 1 For what reason is it 
supposed to be so 1 — 245. How are volcanoes connected with 
earthquakes % — 246. Describe the phenomena of earthquakes. 
247. Are the effects of earthquakes more conspicuous than 
those of volcanoes 1 What are they 1 — 248. Mention some 
results of the great Earthquake of Lisbon. Also of those of 
Calabria. — 249. Is the land ever permanently raised by earth- 
quakes ? Give an account of the^ earthquakes in Chili as de- 
scribed by Mr Graham. — 250. What are the general effects 
of earthquakes 1 Is there a difference of opinion as to the 
extent of their effects ? What is Mr Lyell's idea of them 1 
251. Does the observation of the changes taking place at the 
surface throw any light on those of the interior % 
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CHAPTEB III. 

OF THE INTERNAL PARTS OF THE EARTH, AND THEIR 
ACTION UPON THE SUPERFICIAL. 

CENTRAL HEAT. INCREASE OF TEMPERATUBE FROM THE SUR- 
FACE. DEPOSITION OF STRATA. ^ERUPTIONS OP IGNEOUS 

ROCKS. PHENOMENA OF VEINS AND MASSES. ELEVA- 
TIONS AND SUBSIDENCES. 

252. Central Heat. — The phenomena of volcanoes and 
earthquakes seem to indicate, that the internal parts of the 
earth, in whole or in part, are in a state of incandescence. 
The lowest rock to which we have access, Grranite, has not, 
however, been actually observed in that condition. Yet the 
appearances which it presents, and the veins which have 
emanated from it, to penetrate the superficial strata, afford no 
proof, or even probability, of its having a different origin. 
This granite itself is traversed by trap rocks, which must have 
come from beneath ; and their connection with volcanic pro- 
ducts, both in mineralogical structure, and in local continu- 
ance, is apparent. It is thus probable, that the original situa- 
tion of all the trap and volcanic deposits is beneath the gra- 
nite.- The gradual increase of temperature from the surface 
toward the centre, tends further to confirm the belief of in- 
tense central heat. 

253. Increase of Temperature toward the Centre. — 
M. Cordier, who has particularly directed his attention to the 
increase of temperature as we descend into the earth, has in- 
ferred, from observations made by himself and others in mineH 
and on the water of Artesian wells :-^lst. That there is a 
subteiTanean heat, independent of that derived by radiation, 
from the sun, and which rapidly increases as we remove from 
the surface ; 2dly, That the increase of heat is not the same 
in all parts of the earth ; 3dly, That the differences are not in 
relation with the longitudes and latitudes of the places where 



DEPOSITION OF THE PRIMARY STRATA. 203 

the observations have been made ; 4thl7, That the heat in- 
creases with the increase of depth more rapidly than was pre- 
viously believed, insomuch that, within an external crust of 
from fifty to an hundred miles in thickness, is a mass of 
melted matter ; 5thly, That originally the entire globe was in 
a state of fusion, that the superficial parts have gradually 
solidified by cooling, and that the earth's crust is constantly 
growing thicker. Others again are of opinion, that, although 
the globe has originally been fluid from fusion, and has gra- 
dually cooled at the surface, a period has arrived when an 
equilibrium is established. " Since the commencement of 
historical records," say Messrs Milne Edwards and Achille 
Compte, " the temperature of the globe has not perceptibly 
changed, and by scientific calculations it may be proved, that 
the surface of the earth receives from the sun in the course of 
a year a quantity of heat about equivalent to that which it 
loses in the same space of time. The heat of the interior of 
the earth now exercises but an imperceptible influence upon 
the temperature of the surface, and before this almost extinct 
influence could be diminished to one-half, it would take up- 
wards of 30,000 years to elapse." 

254. Deposition of the Primary Strata. — When the 
surface of the earth, at first enveloped, perhaps, in a nebulous 
atmosphere of vast extent, like that of a comet, became suf- 
ficiently cooled, it may be supposed that it assumed an enve- 
lope of an aqueous fluid, in which were chemically dissolved 
the materials, which being gradually deposited, formed the 
successive strata of the primary series of rocks, in which no 
remains of plants or animals are met with. We know of no 
fluid at the present day capable of holding all these substances 
in solution ; but neither can we, with much probability, con- 
jecture what might have been the case under circumstances 
so very different from any of which we have had experience. 
It has been supposed that the waters of the globe, acting so 
as to abrade and disintegrate the superficial parts, have again 
deposited them from the mechanical mixture thus formed, and 
that the central heat has consolidated them anew, so as to 
form the primary strata. But these primary strata are crys- 
talline, and not to any extent fragmentary, and the heat suffi- 
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4 

cient to consolidate and crystallize their upper parts, would 
have sufSced to obliterate from the whole mass of strata all 
indications of foliated structure. But, however this may 
have been, the primary strata having been successively depo- 
sited and solidified, they were subsequently disrupted and 
disturbed by a force acting frt)m beneath, locally and periodi- 
cally, which protruded amongst them the granitic and porphy- 
ritic masses. 

255. Progress of the Formations. — Vegetables and ani- 
mals having appeared upon the globe, a new character was 
given to it. The ocean and the atmospheric waters, together 
with convulsions arising from causes operating within, altered 
the existing surface, producing deposits, containing remains 
of organic life, gradually becoming more abundant. The phe- 
nomena which we see produced at the present day have for- 
merly taken place on a larger scale. Periods of quiet have 
intervened, when vegetable life flourished with a vigour now 
unknown, and imparted by the greater temperature indicated 
by the nature of their remains deposited in all parts of the 
globe. Great currents of water swept over the surface, pro- 
ducing beds of conglomerate, and depositing in estuaries and 
lakes vast quantities of vegetable productions. The detritus 
of the land was spread over the bottom of the sea, and inter- 
mixed with multitudes of marine animals. Elevations and 
subsidences of the land altered the level of these deposites, 
and inclined their strata in various degrees. The new land 
has been acted upon in the same manner, whence it is that 
we find strata of marine origin now far inland, and raised to 
the height of several thousand feet. Gradually we find an 
approximation to the present order of things, the remains of 
plants and animals being often of the same genera as those 
now living ; and at length we arrive at the present epoch, in 
Avhich the earth, many times altered, and having its strata 
broken up and variously disposed, has been once more remo- 
delled, and fitted for the inhabitation of man, whose ultimate 
destiny, however, has reference to another sphere of exist- 
ence. 

256. Eruptions of Igneous Matter. — ^From the infra- 
-anitic regions of the globe, have emanated successive erup- 
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lions, which making their way through fissures formed in the 
strata, have been poured forth at the surface, or interjected 
among the previous deposits, where, as well as in the fissures, 
they have cooled and become solid. The successive ages of 
these ejections may be in some measure known by noting the 
strata through which they have penetrated. Thus, if basalt 
be found decidedly incumbent upon chalk, as it is in the north 
of Ireland, we know that it must have been erupted poste- 
riorly to the deposition of that substance. Of actual time, 
however, in reference to geological phenomena we can know 
nothing. The order of succession may be determined, hUt not 
the number of years intervening between one epoch and ano- 
ther. 

257. Phenomena op Trap Veins. — ^From the circum- 
stance of these veins sometimes appearing at the surface, and 
remaining undecomposed while the rock around them has 
crumbled, they are also named dykes. They are of all sizes, 
from, a breadth of a hundred feet or more to that of an inch 
or less, and have in some cases been traced to a vast ex- 
tent. Thus, the Cleveland Basalt Dyke, extends from the 
western side of Durham, crosses the river Tees, and proceeds 
through the Cleveland Hills to the sea between Scarborough 
and Whitby, having a course of from fifty to sixty miles. 
Such veins, when they come into contact with compact lime- 
stone, often render it crystalline ; and when they traverse 
coal, convert it into a kind of soot or charcoal for several feet, 
and at a greater distance into coke. Slate-clay and bitumi- 
nous shale are changed into a kind of jasper, and sandstone 
is indurated or altered in colour. These phenomena are 
such as might have been expected from an igneous mass in 
contact with previously consolidated rocks, but do not accord 
with the idea of an aqueous deposit filling up a fissure from 
above, as some have imagined a trap vein to be. Greenstone 
and granite veins traversing gneiss and granite generally pro- 
duce little alteration in the rock with which they are in con- 
tact, which may arise from its having been at the time of in- 
trusion at a high temperature. Sometimes, however, they 
have considerably altered it, having given it a burnt and 
crumbling appearance. 
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258. Phenomena of Trap Deposits. — The appearances 
presented by deposits or irregular masses of trap and granite, 
when in contact with stratified rocks, are various. Granite 
very frequently produces a transition to its own nature in 
that of the neighbouring rocks, as is especially the case when 
the latter contain one or more of its ingredients. The blue 
crystalline limestone of Glen Tilt, when in con^ct with gra- 
nite, becomes white, loses its large-grained crystalline tex- 
ture, is much harder, effervesces slowly with acids, and con- 
tains a large proportion of siliceous matter. Frequently granite 
and syenite produce little, if any, alteration on gneiss and 
other primary rocks with which they are in contact. The 
trap rocks, however, which are interposed among or overlie 
the secondary strata, generally alter the texture and colours 
of the latter, converting clay into jasper, hardening sand- 
stone, rendering compact limestone crystalline, and oblitera- 
ting the shells which it contains, or producing an ultimate 
union of them with the substance of the rock. Trap rocks 
assume various appearances when spread out into masses, 
and affect all situations from the lowest up to the top of the 
chalk formation, extensive deposits of basalt covering the 
latter in the north of Ireland. Their phenomena can be ex- 
plained only by the supposition of their having been ejected 
from the interior of the globe, and consolidated under the 
pressure of the superincumbent rocks and sea. Besides these 
effects of the internal agents of the globe, phenomena of a 
somewhat different kind remain to be spoken of. 

269. Elevation op the Strata. — It appears from a multi- 
tude of observations made on rocks of various ages, that by 
some power acting in the interior, ranges of moimtains and 
large tracts of flat country have been suddenly or rapidly ele- 
vated above their original level. It is also believed that vast 
tracts have been gradually raised up with a kind of expansion 
of the surface, caused by continuous subterranean action. Gra- 
nite, as has been stated above, is generally admitted as the 
fundamental rock of our present continents, or the external 
consolidated part of the central igneous mass. Specimens of 
that rock, and of gneiss and mica-slate, from different parts 
*^^ the globe, are found to be similar. It is therefore probable 
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that the general crust of granite was formed at one and the 
same period. But although granite is the lowest and most 
extensive formation known^ it is yet seen in various parts of 
the world elevated into great ridgesy forming the bases and 
sometimes also the summits of mountain-ranges of vast ex- 
tent. It had been generally supposed that granitic moun- 
tains were crystalline masses deposited from a universal 
o^an, until Mr Bakewell in 1823 shewed that the granite of 
tl^e Alps had not been elevated to its present position until 
after the deposition of the limestone beds^ many of which are 
analogous to the upper secondary strata of England. M. Elie 
de Beaumont, from a more extended series of observations, 
has made a similar inference, and concluded that entire chains 
of mountains have been raised at one geological period, and 
that paroxysms of elevatory force have occurred at many suc- 
cessive periods. 

260. Systems of Disturbance. — " The detritus of the first 
dry lands," says Dr Buckland, " being drifted into the sea, and 
there spread out into extensive beds of mud and sand and 
gravel, would for ever have remained beneath the surface of 
the water, had not other forces been subsequently employed 
to raise them into dry land ; these forces appear to have been 
the same expansive powers of heat and vapour which, having 
caused the elevation of the first raised portions of the funda- 
mental crystalline rocks, continued their energies through all 
succeeding geological epochs, and still exert them in produ- 
cing the phenomena of active volcanoes ; phenomena incom- 
parably the most violent that now appear upon the surface 
of our planet.'* The periodical convulsive efforts of this sub- 
terranean power, have given rise, according to M. Elie de 
Beaumont, to several distinct systems of mountain-ranges, 
distinguished by a particular aspect, and peculiar direction. 
For example, the whole chain of the Pyrenees, the northern 
Appenines, the limestone chains to the north-east of the 
Adriatic, nearly the whole of the Carpathian chain, and the 
Hartz mountains, belong to one of these systems, which was 
elevated after the deposition of the chalk-formation, it being 
found ruptured, contorted, and often raised to the very sum- 
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mits of the mountains. In the British Isles^ according to 
Mr Phillips, the following systems occur : 

First, After the deposition of the Cambrian slates. The 
Grampians and Lammermnir; the ranges of Donegal and 
Cavan ; the Cumbrian Momitains ; Snowdonia ; the Orcynian 
Chain of Devon and Cornwall. 

Second, After the deposition of the Coal-measures. The 
greater number of dislocations in the coal-fields of Great 
Britain ; the great Penine Fault, Craven Fault, and Kibbles- 
dale Anticlinals ; the Derbyshire Faults ; those of Mendip, 
South "Wales, were then produced. 

Third, After the deposition of some parts of the New Red 
Sandstone Strata. The Tynedale Fault ; Faults in the coal- 
fields of Shropshire and Dudley ; on the northern border of 
Derbyshire ; the ridge prolonged firom the Breiddin Hills. 

Fourth, After the oolitic period. In Yorkshire and Dor- 
setshire. 

Fifth, After the marine Tertiaries of the South of England, 
Isle of "Wight, &c. 

261. Gradual Elevation and Subsidence op Land. — 
With these violent agitations must not be confounded the 
gradual elevation which portions of continents have been 
found to undergo, although it is probably owing to the same 
internal cause. ^* In parts of Sweden, and the shores and 
islands of the Gulf of Bothnia," says Mr Lyell, " proofs have 
been obtained that the land is experiencing, and has expe- 
rienced for centuries, a slow upheaving movement. Playfair 
argued in favour of this opinion in 1802 ; and, in 1807, Von 
Buch, after his travels in Scandinavia, announced his con- 
viction that a rising of the land was in progress. Celsius 
and other Swedish writers had, a century before, declared 
their belief that a gradual change had, for ages, been taking 
place in the relative level of sea and land. They attributed 
the change to a fall of the waters both of the ocean and the 
Baltic ; but this theory has now been refuted by abundant 
evidence ; for the alteration of relative level has neither been 
universal, nor everywhere uniform in quantity, but has 
amounted, in some regions, to several feet in a century, in 
others, to a few inches, while in the southernmost part of 
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Sweden, or the proyince of Scania, there has been actually a 
loss instead of a gain of land, buildings having gradually 
sunk below the level of the sea. 

'' It appears, from the observations of Mr Darwin and 
others, that very extensive regions of the Continent of South 
America have been undergoing slow and gradual upheaval, 
by which the level plains of Patagonia, covered with recent 
marine shells, and the Pampas of Buenos Ayres, have been 
formed. On the other hand, the gradual sinking of part of 
the west coast of Greenland, for the space of more than 600 
miles, from north to south, during the last four centuries, has 
been established by the observations of a Danish naturalist, 
Dr Perigel." " It has also been shewn by Dr Darwin, that, 
in those seas where circular coral islands abound, there is a 
slow and continued sinking of the submarine mountains on 
which these masses of coral are based ; while in other areas 
of the South Sea, where coral is found above the sea level, 
and in inland situations, and where there are no circular or 
barrier reefs, the land is on the rise." 

262. Relative age of Igneous Rocks. — As the funda- 
mental rock on which the strata repose, namely, granite, is 
itself traversed by other igneous rocks, and as these latter 
have surmounted the various deposits, it would appear that, 
with respect to original position, they are successively placed 
nearer the centre. Assuming granite thus as the original 
crust of the globe, or as a limit between the superficial and 
internal layers, we should proceed outwards, through the 
primary, secondary, and tertiary rocks, together with their 
associated depositions of igneous rocks, and inwards, through 
layers of these latter rocks, which, however, not being objects 
of observation in situ, can be only inferred to occupy parti- 
cular positions, from the phenomena of their successive ap- 
pearance at the surface. '* There are," says M. Rozet, " two 
distinct geognostical series, in which the order of their rela- 
tive oldness is inverse. In the series of stratified rocks, 
which commences with gneiss, the oldness diminishes as we 
rise toward the surface ; whereas in that of the unstratified 
rocks, which commences immediately beneath the gneiss, the 
masses are newer the more deeply they are situated. 
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" It is not surprisingy after this, that several of the masses 
of the second series are known only by the portions of mat- 
ter thrown up at the surface of the earth, as lavas, basalts, 
trachytes, &c. It is even reasonable to think that the more 
deeply these masses are situated, the less is their extent at 
the surface of the globe. In fact, the granitic rocks assume 
at the surface a greater development than the porphyritic 
rocks; the latter are more extended than the trap rocks; 
and so on, until we are come to the lavas of modem volca- 
noes, which issue only by narrow apertures, and scarcely 
spread around in a radius of two or three leagues." 

263. Change of Climate. — The fossil vegetables found 
in the coal-formation in Greenland, North America, New 
Holland, and India, are very similar to those which occur in 
Britain, and indicate, at the period of their deposition, a 
universal temperature similar to that of the tropical regions 
at the present day. Animals of a nature not adapted for 
cold, or even temperate climates, such as large Pachyder- 
mata and Crocodiles, occur imbedded in the strata and dilu- 
vial deposits of the northern parts of both Continents. Hence 
a great diminution of the earth's temperature is apparent, 
which can be satisfactorily accounted for only by the original 
fusion of the mass of the globe, and its gradual refrigeration. 
In concluding this chapter, I cannot do better than present 
an abridgment of M. Delafosse's remarks, entitled, '^ Con- 
jectures respecting the internal mass of the globe." 

264. Igneous Fusion of the Globe. — The nature of the 
agents which have their seat in the interior of the earth, and 
consequently that of the mass in which they take rise, being 
for ever concealed from direct observation, we can only hope 
to obtain some idea of them, by endeavouring to ascend by 
reasoning from effects which are known, to the causes which 
produce them. In the first place, then, the flattened form of 
the earth would lead us to suppose that it had been origi- 
nally fluid, it being exactly what would have resulted from 
its rotation. There is another fact which confirms this re- 
sult, while it at the same time affords an explanation of it; 
namely, the internal heat of the earth, independent of that 

^ '"h it receives from the sun. This high temperature, the 
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remains of its original heat, of which only a part has been 
dispersed, is shewn by calculations established upon the laws 
of heat, to be such as would have taken place, if the globe 
had progressively cooled to the state at which we now find 
it. There is thus every reason to believe that the fluidity 
which the earth possessed before it assumed its spheroidal 
form, was owing to heat, that it was at first completely fluid, 
but that in consequence of gradually cooling, its superficial 
parts being first fixed, formed a solid crust, of which the 
thickness has increased from without inwards, and which is the 
true primordial soil. Moreover, we are led to admit that the 
internal mass of the globe still possesses its original fluidity, 
and that a temperature capable of holding in a state of fusion 
most of the known rocks, exists at an inconsiderable depth. 
265. Proofs op Fluidity from thb Earth's Density. 
— ^Another important fact is made known to us by astrono- 
mical and physical science, which is, that the earth is denser 
in its interior than at the surface, that there must be a pro- 
gressive increase of density in its layers as we proceed in- 
wards, and that the mean density of all the layers is {(.bout 
five times greater than that of water, and consequently nearly 
double that of the mineral crust, for the stony matters of 
which rocks are composed have specific gravities varying 
only £rom 2 to 3. The internal mass cannot therefore be 
composed of the same matters as the crust, but may probably 
be formed of metallic substances, which alone of all those 
known are much heavier than those of rocks. Besides, the 
small quantity of metals that occurs accidentally dissemi- 
nated in the midst of the mineral crust, in the form of veins 
or nodules, has been visibly carried from below upwards by 
the internal agents. Thus we might admit with much pro- 
bability that the internal mass is to a great extent formed of 
metallic matters, held in fusion by the high temperature 
which prevails at that depth, and no doubt disposed in the 
order of their respective densities. The lightest substances 
of this nature which we know being the metals of the earths 
and alkalies, which, on account of their avidity for oxygen, 
oxidise, and lose their lustre as soon as they come in contact 
with water or air, it will be seen that they ought to^ occur 
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in greatest abondamce in the superficial layers, and by their 
oxidation giye rise to the mineral crust, which in fact is com* 
posed almost entirely of such substances oxygenated and 
combined. For a long time there was the insurmountable 
difficulty of conceiving how the granitic rocks could have 
been produced by the cooling of a great mass in a state of fu- 
sion ; but this difficulty no longer exists when, by the aid of 
fire, chemists hare been able to compose of all these sub- 
stances most of the mineral species which enter into the com- 
position of these rocks. 

266. Further Proofs from Eritptions. — ^The theory of 
the original fusion of the globe, and the still existing fluidity 
of its internal parts, is confirmed more and more, when we 
follow it in its consequences. Thus, the cooling and con- 
traction which the oxidized crust must have gradually under- 
jrone, will serve to account for part of the solutions of conti- 
nuity which are observed among the strata. Moreover, the 
high temperature to which the fused matters which compose 
the central mass are submitted, readily enables us to conceive 
the production and accumulation, beneath the solid envelope, 
of the gaseous matters whose existence is manifested in vol- 
canic eruptions. Lastly, the pressure exercised against this 
flexible and unequally resisting envelope, by the gases and 
fluid matters themselves, explains, in a very plausible man- 
ner, the phenomena which precede, accompany, and follow 
those eruptions, such as earthquakes, the raising of moun- 
tains, the dislocations and tiltings of strata, the formation and 
filling of veins, and that of those deep cracks, or vast spira- 
cles, through which the lavas escape with violence, to spread 
out at the exterior. 

267. Fluidity consistent with the various Pheno- 
mena. — The theory in question also well explains the im- 
mense quantity of volcanic products which have been brought 
from the interior of the earth, the identity of nature of the 
lavas ejected in the most distant parts of the globe, and the 
resemblance which they present to the rocks of the deposits 
which appear to have been formed by elevation. Lastly, it 
accounts with equal ease for the heat of warm springs, and 
♦^o «<iinilarity of the mineral substances which they contain. 
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to those which exhale from the craters of volcanoes or solfa- 
taras. In fact, the hot mineral waters bring to us the tem- 
perature of the deep places where they have sojourned : fur- 
ther, they without doubt carry with them the residue of the 
gaseous emanations, which rise from the bowels of the earth 
as from a common reservoir, and of which a part depositing 
itself, whether on the walls of the cracks of the mineral crust, 
or in the cavities or basins with which they communicate, 
give rise to those deposits of ores, which are named veins or 
nodules. 

The above details are sufficient to shew the agreement 
which exists between the different orders of astronomical, 
physical, and geological facts, and which appears to fur- 
nish an irresistible argument in favour of the igneous origin 
of our planet. We shall add only a single observation, which 
is, that it appears to result equally from the above hypothe- 
sis, and from the researches of geologists, that the tempera- 
ture at the earth's surface was formerly higher, and at the 
same time more uniform than it has been since the com- 
mencement of the modem period ; that in the now cold or 
temperate regions, it was at least equal, perhaps superior, to 
that of the warmest parts of our globe, and that this tempera- 
ture has gradually diminished, so that the equatorial climate 
has been, by little and little, thrust back from the poles to 
within its present limits. 

Having spoken of the causes which have operated at the 
surface of the globe since the commencement of the present 
order of things, and of those which have acted in its interior 
at all ages, we have now to indicate some phenomena ob- 
served in the intermediate region of the earth's crust, and 
others which, at its surface, have followed the general con- 
vulsions which preceded the present condition of the earth. 



Recapitulation. 



252. Has granite ever been observed in a melted state 1 Is 
it traversed by trap veins 1 "Whence has the trap come 1 — 
253. What renders it probable that the central parts of the 
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earth are hott What are M. Conner's conclusions on this 
subject 1 Does the earth continue to cool 1 With what de- 
gree of rapidity % — 254. When the earth at first became cool- 
ed, with what was it enveloped 1 How were the primaiy 
strata formed 1 Are they chemical deposits 1 or have they 
been mechanical sediments hardened by the central heat 1 
How have they been trayersed by the igneous masses X — 255. 
Describe the manner in which the successive strata may be 
supposed to have been deposited. — 256. Can the periods at 
which igneous eruptions took place be determined! — ^257. 
What alterations in the strata are produced by trap veins 1 — 
258. What changes are caused by masses of igneous rocks 1 
— 259. Have large tracts of country been suddenly elevated ? 
How is it probable that the general crust of granite was 
formed at one and the same period 1 Is granite ever elevated 
into mountain ranges 1 Who first shewed that the granite of 
the Alps had been raised after the deposition of our upper- 
most secondary rocks. — 260. By what means have the depo- 
sits been raised from the ocean % Who has traced several dis- 
tinct systems of elevation 1 Mention one of them. How many 
are indicated in Britain by Mr Phillips 1 — 261. In what part 
of the north of Europe has a gradual elevation of land been 
observed! Have similar changes been noticed elsewhere! 
— 262. In what respect is the series of igneous rocks the in- 
verse of that of the aqueous ! Is it accordant with reason 
and observation, that the more deeply the igneous rocks are 
seated, the less extended they should be at the surface ! — 
263. How is a change of climate indicated by organic re- 
mains ! — 264. What are the principal reasons for believing 
that the earth was originally in a state of igneous fluidity ! — 
265. How does the consideration of the earth's density ren- 
der this fluidity probable ! How is it probable that the in- 
ternal mass consists chiefly of metals ! — 266. What proof is 
derived from volcanic eruptions and earthquakes ! — 207. 
What other phenomena may be explained by the theory of 
igneous fluidity ! 
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CHAPTER rV. 

OF VACUITIES IN ROCKS FILLED WITH ORES OR DEPOSITS 
FROM WATER. METALLIC DEPOSITS, VEINS, AND THE PRE- 
VALENCE OF METALS IN PARTICULAR ROCKS. CAVERNS 

AND SUBTERRANEAN CURRENTS. BOULDERS. DILUVIAL 

DEPOSITS. THE FLOOD.— GENERAL IDEA OF THE FORMA- 
TION OF THE GLOBE. 

268. Having in the preceding chapters spoken of the causes 
which have operated at the surface of the globe, since the 
commencement of the present order of things, and of those 
which have acted in its interior at all ages, I have now only 
to indicate some phenomena observed in the intermediate re- 
gion of the earth's crust, and others, which in its upper parts 
preceded the modem alluvial deposits. As some remarks on 
those popular subjects the Flood, and the accordance of geo- 
logical results with the Mosaic account of the creation, may 
be expected, I am unwilling to pass over these subjects in 
silence. Lastly, a brief recapitulation of facts will indicate 
the prevalent ideas of geologists respecting the formation of 
the g]obe. The nature of metallic veins, hot springs, and 
subterranean waters, requires to be first alluded to, as con- 
nected with phenomena already described. 

269. Metallic Deposits. — The substance of rocks is fre- 
quently permeated by metallic matters, in grains, or fila- 
ments, and the debris or detritus of rocks often contains me- 
tals and ores in sufficient quantity to be worked. Sometimes 
the metallic substances are collected into beds, nodules, irre- 
gular plates or veins. Beds or strata of clay iron-ore are 
common in the Coal-Formation, where they alternate with 
shale and sandstone. Beds of iron-ore also occur in gneiss 
and other primary rocks. Such deposits are generally thin, 
but sometimes they swell out to a great thickness. They are 
seldom of great extent, but gradually or suddenly contract, 
and are said to wedge out. Few metals occur pure, they being 
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usually combined with sulphur, oxygen, or acids. In the 
former state they are called natiye metals, in the latter 
ORES. Thus we have native gold, silver, and iron, and vari- 
ous ores of lead, tin, and other metals. When either a native 
metal or an ore is abundantly intermixed with the substance 
of a bed or stratum, the entire deposit is sometimes worked 
as an ore. In all these cases, the metallic matter must be 
supposed to be of contemporaneous origin with the rocks or 
formations containing it ; but the case is different when it is 
deposited in veins. 

270. Metallic Veins. — If we suppose a fissure formed in 
a rock, or series of rocks, to be filled with mineral substances 
of a nature different from the materials of the rock, together 
with metallic ores, we may obtain a sufficiently correct idea 
of a vein of this kind. These veins are chiefly found in the 
primary, and lower, and middle secondary rocks. They vary 
from an inch, or less, to several yards in width, and some- 
times have an extent of many miles. They are not plates of 
equal thickness, but swell out and contract at irregular inter- 
vals, branch off in various directions, reunite, and often inter- 
sect each other. It is not known to what depth they extend, 
nor has it been ascertained whether they become wider as 
they descend. In veins of this kind, the walls of the bound- 
ing rock are generally covered with a layer of mineral sub- 
stances, such as quartz, calcareous spar, or fluor spar, upon 
or amidst which the ores are deposited ; and frequently an 
alternation or intermixture of ores and minerals takes place, 
until the whole cavity is filled up. Partial vacuities, how- 
ever, are often met with, in which the finest crystals of the 
different minerals are found. The ores in a vein which 
crosses several strata of different rocks dften vary. Thus 
copper-ore, silver-ore, and iron-ore, may be found at different I 
depths in the same vein. 

271. Formation of Metallic Veins. — Various opinions 
have been entertained as to the manner in which the fissures 
have been filled up. As the ores and minerals in veins gene- 
rally have no relation to the ingredients of the bounding 
rocks, and as the same vein frequently contains the same ores 
in a part of its course which traverses several strata differing 
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in nature^ it is obvious that the ores and sparry substances 
are not always deriyed by transudation or electric transfusion 
from the strata. Some haye supposed them to have been in- 
jected into the fissures from below^ in the same manner as the 
igneous materials of trap yeins ; while others conceive them 
to have come in a gaseous or sublimated state from the heated 
regions of the interior, and to have been gradually deposited. 
Both modes are probable enough ; but in cases where masses 
or nuclei, or imperfect veins, occur in rocks, we cannot admit 
such an origin. There would seem to have been a separation 
of particles from the rock, whether by molecular aggregation 
or electrical transference ; and yet these deposits, if not far 
removed from veins, may have been transferred into cavities 
from a vein itself by the modes of transfusion mentioned. 
Whatever be the mode in which the cavities have been fiUed, 
it at least appears, that the prevalence of metallic veins in a 
rock is determined by its original condition as to fissures, 
mountain-limestone, for example, being more productive than 
shale, because its cracks have been retained open, while those 
of the latter have crumbled. 

272. Prevalence of Metals in particular rocks. — 
Melals and ores are found in greater abundance in the older 
rocks than in the newer. Thus, in Britain, metallic veins 
occur in gneiss, killas, mountain-limestone, and the coal 
formation ; but none of any importance have been found above 
the New Red Sandstone. This circumstance itself afibrds 
an additional probability of the ejection of the matter of veins 
from beneath. Metals and ores are not confined to such de- 
posits, but are often found in grains or fragments in sand, 
gravel, or other detritus. The fcHlowing summary account of 
the geological localities of metallic ores is from Mr Bake- 
well's Introduction : — 

*' Platina and the recently discovered metals, palladium, 
rhodium, osmium, and iridium, have chiefly been found in the 
sands of rivers. 

** Gold and silver are found in primary and transition rocks, 
in porphyry and sienite, and in the lowest sandstone. Gold 
has been occasionally discovered in coal, and very abundantly 
in the sands of rivers, and sometimes in volcanic rocks. Sil- 

p 
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ver is very frequently associated with lead, in different pro- 
portionS) in the lead ores of Great Britain : in some of them 
the quantity is so considerable, as to be worth the expense of 
extracting it from the lead, by calcination. 

'' Mercury is found in slate, in limestone, and in coal-strata. 
'' Copper, in primary and transition rocks, in porphyry, 
sienite, and occasionally in sandstone, in coal-strata, and al- 
luvial ground. Masses of native copper, of many thousand 
pounds weight, are said to be found on the surface, in the in- 
terior of North America. 

" Iron, in every kind of rock. 
" Tin, in granite, gneiss, mica-slate, and slate. 
** Lead and zinc, in primary and transition rocks, particu- 
larly in the mountain-limestone ; also in porphyry and sie- 
nite ; in the lowest sandstone, and occasionally in coal-strata. 
'' Antimony, in primary and transition mountains ; it is 
also found in porphyry and sienite. 

'' Nickel, bismuth, cobalt, in primary mountains, except 
limestone, trap, and serpentine. Cobalt and nickel also oc- 
cur in transition mountains, and in sandstone. 

** Arsenic, in primary and transition mountains, and in 
porphyry. 

'^ Manganese, in primary and transition mountains, and oc- 
casionally in the lower stratified rocks. 

'^ Molybdena and tungsten, uranium, and titanium, in gra- 
nite, gneiss, mica-slate, and slate. The latter metals, with 
chromium, columbium, cerium, and tellurium, are very rare 
in nature, and can only be reduced to the metallic state with 
great difficulty 1 '» 

273. Caverns. — It appears that the great limestone depo- 
sits of all ages abound in cavities of irregular form and varied 
extent. At the present day, caves of every variety of form 
are produced in rocks along the sea-shore by the action of the 
waves, which crumble down the stony masses ; but these 
primeval caverns are often found in the heart of solid masses 
of rock, without any communication with the exterior, their 
existence having been discovered in the course of mining. 
One of the most celebrated of these caves is that discovered 
by some workmen at Kirkdale in Yorkshire, in 1821, and suV 
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sequently examined by Dr Buckland. It is 240 feet in length, 
14 feet high, and from 3 to 7 in breadth. The floor was co- 
vered with a coat of mud or loam, about a foot thick, in which 
were found bones of hyenas, tigers, bears, elephants, rhino- 
ceroses, and other quadrupeds, together with those of some 
birds. From the appearances exhibited, it was inferred that 
the cave had been for a long series of years a den of hyenas, 
and that these animals had dragged into it the limbs of others, 
the bones of which were found gnawed. Another celebrated 
cayem is that of Gaylenreuth, in Franconia, consisting of se- 
yeral chambers, in the mud deposited in the bottom of which 
were found bones of bears, hyenas, foxes, and other animals, 
including some of the tiger and elephant. In the south of 
France, similar caves have been found, containing bones of 
animals, and some even with human bones and fragments of 
pottery. Various conjectures have been offered respecting 
the manner in which these organic remains were introduced, 
such as subterranean currents of water, and the rushing of 
animals into them to avoid convulsions or floods. The hu- 
man bones, however, are in no case supposed to be contem- 
poraneous with the rest. Dr Lund has recently examined 
eighty-eight caves in Brazil, which he thinks have been formed 
on the shores of an ancient lake or sea. They are all par- 
tially filled with a kind of soil similar to that covering the 
surface of the country, and the floor is usually of stalagmite. 
274. Subterranean Currents. — There is little doubt, 
that many of the caverns in limestone districts have been 
formed by the action of subterranean rivulets gradually wear- 
ing away the rock in the course of fissures. In the Speed- 
well mine, in Derbyshire, the miners, in blasting a tunnel, 
discovered a large cave in which a torrent fell with a roaring 
noise ; and, in like manner, a cavern with a lake was found 
in the middle of the mountain called Matlock Hi?h Tor. 
Many instances are known of rivulets disappearing entirely 
by sinking into the earth, and others of their reappearing at 
the distance of several miles. In limestone districts the sur- 
face is sometimes covered with deep hollows, which have re- 
sulted from the falling in of the roofs of caverns or passages 
thus formed by currents of water. The existence of vast 
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quantities of water at various depths, is especially rendered 
apparent by the practice of boring Artesiem wells, so common 
in France, by which an abundant supply of pure water may 
be obtained in a district otherwise almost destitute of it. In 
a well of this kind sunk at Tours, in 1829, to the depth of 
330 feet^ the water brought up fragments of thorns, seeds of 
marsh plants, together with land and firesh-water shells un- 
changed ; and at Reinke, near Bochum, in Westphalia, a well 
having been sunk to the depth of 143 feet, brought up small 
fishes from three to four inches in length. Hence Mr Bake- 
well argues, that subterranean currents may have frequently 
deposited the remains of animals found in caverns. 

275. Boulders. — The powerful action of currents of water 
at the surface is exhibited by the prodigious quantities of 
blocks and stones that are found scattered over extensive 
tracts of country, and at vast distances from fixed rocks of 
the same mineralogical character. Some of these masses are 
so. large, and so little rounded, that they are supposed to have 
been transported by ice. The conglomerates of the old red 
sandstone and other secondary formations shew, that great 
fioods had taken place at intervals during the progress of these 
deposits ; and the diluvial strata of the newer tertiary period 
testify to violent cataclysms of the same nature, by which 
masses of rock were carried to vast distances. 

These transportations have by many been attributed to the 
Deluge of the Scriptures ; but others, with more reason, have 
assigned them to convulsive movements antecedent to that 
catastrophe. 

276. The Mosaic Deluge. — Over a large portion of Eu- 
rope the diluvial detritus is said to indicate a current pro- 
ceeding southward ; in various parts of Britain there are in- 
dications of a direction from. west to east; in the Alps the 
boulders have proceeded in various directions from the cen- 
tral masses, often following the valleys. During this i>eriod it 
would appear that the denudations took place which have ex- 
cavated, grooved, and broken up the upper parts of the pre- 
viously deposited strata, so as to produce many of the inequa- 
lities of the earth's surface. It has been supposed by M. Elie 
de Beaumont, that the great revolution thus produced, by 
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which myriads of the ancient inhabitants of the globe were 
destroyed, was caused by the protrusion of the igneous masses 
of the Andes. However this may be, there is little reason 
for considering the Mosaic Deluge the same as that which 
produced the diluvial deposits. Remains of the human spe- 
cies have not hitherto been found in them, and those of the 
animals which they contain are of species generally different 
from those now existing. Tte history of the Flood given in 
the Scriptures is that of a gradual rise and subsidence of 
waters, such as would probably have left no remarkable traces 
of its brief existence. At all events, the deposits left by the 
waters disclose no phenomena satisfactorily referrible to that 
deluge, which probably was but partial, its object having been 
the destruction of the human race, which at that time inha- 
bited only a limited portion of the globe. 

277. General Idea of the Foiuiation of the Globe. 
— " In the beginning God created the Heaven and the Earth." 
It is not very probable that the ingenuity of man will ever 
enable him to discover when or how this creation took place. 
Was the earth formed of pre-existing materials 1 Was it a 
fragment of the sun, or a concretion of particles existing in 
space % Was it originally a comet, a meteorite, or an aque- 
ous mass *{ The history of its formation, and of the successive 
creations by which it was fitted for the habitation of the hu- 
man species, is briefly given in the Scriptures, but only as in- 
troductory to the history of man. If we peruse the Mosaic 
record without any regard to geological science, we find that, 
when first called into existence, the earth was destitute of 
arrangement, without inhabitants, and involved in darkness. 
In six days it was reduced to order, and covered with vege- 
tables and animals. On the first day, God dispersed the dark- 
ness ; on the second. He formed the atmosphere ; on the 
third. He gathered the waters together, caused the dry land to 
appear, and made the earth bring forth the various tribes of ve- 
getables, from the most tender cryptogamic plant to the noblest 
firuit-bearing tree ; on the fourth'day. He caused the sun, the 
moon, and the stars, previously formed, to shed their light 
upon the earth ; on the fifth, He created the various classes 
of animals which inhabit the waters, and that of birds ; on 
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the sixth; He brought into existence the mammalia, and per- 
haps reptiles, if they had not been formed on the preceding 
day, perhaps also all the other animals that inhabit the land. 
Lastly, He created a man and a woman, to whom He gave a 
dominion over the creatures, which their descendants have 
retained to the present day. 

Various interpretations have been given of the Mosaic his- 
tory of the creation ; and some, considering our geological 
knowledge in many respects x>erfect, and conceiving that it 
contradicted the Scriptures, have judged the latter to be un- 
true, reasoning thus : — The world is the work of God, the 
Scriptures are said to be His also ; now we have examined 
the world thoroughly, and understand it perfectly, and, as the 
doctrines inferred from its phenomena are not in accordance 
with the scriptural account, we cannot hesitate a moment in 
rejecting the latter as spurious. But our knowledge of the 
world is different now from what it was a few years ago when 
these men so spoke, and what to them was truth is clearly in 
our eyes error, and we know that they misinterpreted the 
Book of Nature. Wise as we are, then, we have learned just 
enough to shew us, that our interpretations of nature cannot 
yet be brought fairly to bear upon the Bible, however anxious 
some of us may be to demonstrate the falsehood of its doc- 
trines. We are not even agreed as to the precise meaning of 
the first chapter of Genesis. But we may all be very well 
persuaded, that as the Scriptures disclose to us truths, such 
as we could never have possibly discovered of ourselves, but 
which we yet know to be truths, and as they are consistent 
throughout, they must have emanated from the fountain of 
truth. " Let God then be true, and every man a liar.** 

As to the ideas regarding the earth prevalent at the pre- 
sent day, but liable, in the progress of observation, to be ma- 
terially altered, they appear to be somewhat as follows : — 
The globe was originally a fluid mass, probably in a state of 
fusion. It gradually cooled by the radiation of its heat into 
space. A solid crust was then formed, probably of granite ; 
its atmosphere became condensed ; and a mass of water en- 
veloped it. Either from this water the primary rocks were 
deposited in a crystalline form, or the waters corroded thQ 
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granitic crust and formed layers^ which were consolidated 
successively by the central heat. Convulsive actions took 
place, by which the primary layers were variously broken up, 
and matter protruded from within. Some plants and animals 
were formed now, or at a previous period. Agitations of the 
waters wore down the rocks, and carried off the vegetation. 
Successive layers of mineral matter were formed at the bottom 
of the sea, then partially consolidated, then raised to the sur- 
face in patches. New tribes of plants and animals were formed, 
lived, died, and were buried in the ever-forming strata, which 
at one time were covered deep by the ocean, and at ano- 
ther elevated. The crust of the earth was repeatedly broken 
through, and cracks produced in it were filled by melted 
matter from the interior, which when consolidated formed 
veins, and expansions of unstratified rocks. Successive races 
of vegetables and animals were created, successive depo- 
sitions took place, the bed of the ocean varied continually, 
elevations and subsidences were produced. Each successive 
creation of animals and plants approached nearer to the pre- 
sent creation. The igneous matters, instead of flowing at 
great depths under the pressure of the ocean, began to be 
erupted in the open air, in the form of volcanoes. The 
deposits of rocky substances, carbonized plants, and extinct 
animals were at length, by what might seem a series of irre- 
gular and confused formations and convulsions, reduced to a 
condition favourable to the existence of a higher order of be- 
ings than had hitherto appeared, for the progressive advance- 
ment of which in number and intelligence, prospective pro- 
vision had thus been made. Man was then created, and al- 
though changes have taken place since the period of his first 
appearance upon the earth, the atmospheric and subterranean 
agents acting as before, a comparative stability has taken 
place. How long this state of things may continue cannot 
be conjectured ; but, judging from analogy, we may infer that 
a grand catastrophe will one day involve in destruction the 
present inhabitants of the globe. 

The general and partial theories by which phenomena are 
attempted to be explained, will be found in the numerous 
geological treatises, to which the present will serv'e as 
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an introdnction. It is conceived that the student haying 
carefully perused the statements here given, and acquired 
a knowledge of the various rocks, and of the simple mi- 
nerals of which they are composed, will find himself suffi- 
ciently advanced to be able to observe in nature for himself 
and to comprehend the details and reasonings presented in 
books. If such be the case, the author has accomplished his 
task. 



Becapitulation. 



269. How are metallic substances disposed 1 Do many me- 
tals occur pure 1 — 270. What is the nature of metallic veins 1 
Are they extensive % To what depth do they extend \ — ^271. 
How have the cracks containing metallic substances been 
filled 1 — ^272. Are metals equally dispersed through all rocks 1 
Mention the rocks in which each metal occurs. — ^273. In 
what rocks are caverns most common 1 Mention a few remark- 
able caves. — 274. Are there subterranean currents of water 1 
May they have formed caves % — 275. How have large blocks 
and rolled stones been dispersed 1 — 276. What mountains are 
supposed to have been elevated at the period when they were 
scattered 'i Can the effects of the Mosaic deluge be traced 1 — 
277. What general idea have you formed of the manner in 
which the crust of the globe has been deposited and arranged ? 
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AcicuiiAR. Needle-like, or very slender. Aous, a needle. 

AcoTTLEDONous. Plants haying seeds or reproductive germs 
destitute of cotyledons or seed lobes, a, not ; xotv^v^mv, 
cotyledon. 

AcTiNOLiTB. Baystone. A mineral having fasciculated or 
radiated slender crystals. Axr/y, a ray ; ktfias, a stone. 

Adipocere. a substance resembling hard tallow. Adeps, fat ; 
cerwn, wax. 

Agate. A kind of siliceous stone usually found in amygdaloid. 
A;^«T»»?, a river in Sicily. 

Aggregated. Formed of collected fragments or individuals. 
AggregOf to gather. 

Albite. a kind of felspar. AUms, white. 

AiiG^. Sea-weeds. Alga, Latin. 

Alluvium. Particles or fragments of rocks and other matters 
carried away by water. AUuo, to wash away. 

Alum. Sulphate of alumina. Alumen, 

Alum-shale. Shale containing iron-pyrites, which on decom- 
posing produces sulphuric acid, the union of which Avitli 
the alumina of the shale forms alum. 

Amber. Fossil resin. 

Amethyst. A variety of quartz, generally of a violet colour. 
A, not ; fAi^vfts, intoxication, which it was supposed to pre- 
vent. 

Amianthus. A mineral composed of delicate fibres. A, not ; 

ftiutvea, to pollute. 
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Ammonite. Shell of an extinct moUoscous animal, curved so 

as to haye a fancied resemblance to the horns of Jupiter 

Ammon* 
Amobphous. Without determinate form. A, not ; ftt^^fi, shape. 
Amphibious. Liviiig on land and in water. A/t^t, both ; /Sm?, 

life. 
AMTODAI.OID. A trap rock in which are imbedded roundish or 

almond-shaped bodies. A/AuyiaXa, an almond 
Anoplothebium. An extinct quadruped, so named because 

unarmed. avm-Xa;, unarmed ; ^n^ia?, a wild beast. 
Anthbacitb. a kind of coal. Ay^^a|, charcoal. 
Anthracothebium. An extinct quadruped, so named because 

found in lignite. Af^^a^, coal ; ^^m, a wild beast. 
Antiseptic. PreventiYe of putrefaction. Am-4, against ; ms-M, 

to putrefy. 
Abbobescent. Tree-like. Arboretco, to grow like a tree. 
Abenaceous. Sandy. Arena, sand 
Abgillaceous. Clayey. ArgiOa, clay. 
Aetesian Wells. Wells bored to a great depth, after the 

manner of the people of Artois. Arteswm, Artois. 
Asbestus. a fibrous mineral not injured by fire. A, not ; rfiiw 

wtty to extinguish. 
AsTEBiAS. Star-fish. Ktrrv^y a star. 

Attrition. Wearing away by friction. Ad, to ; tero, to rub. 
AuGiTB. A mineral of a dark green or black colour, occurring 

in trap and volcanic rocks. Avyti, lustre. 
Avalanche. A mass of snow or ice falling from a mountain. 
Azote. Nitrogen, a, not ; ^<vii, life, it being injurious to life. 

Basalt. A dark coloured rock. BasaUes, Latin. 
Basin. A hollow or valley. 

Belemnite. An extinct genus of moUusca. Bikt/Att*, a dart 
Binary. Of two ingredients. Bitiarms. 
Bitumen. Mineral pitch. Latin. 

Bituminous Shale. Argillaceous shale, impregnated with bi- 
tumen. 
o£. A metallic ore, sulphuret of zinc. German. 
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Bluff. A high precipitous bank. 

BoTBYoiDAL. Like a bunch of grapes. Bar^ust a grape-bunch. 

Boulders. Large rounded blocks of stone. 

Branchi^. Gills. Bespiratory organs of fishes and other 

aquatic animals. B^avy^ta, gills* 
Breccia. Angular fragments connected by a cement or paste. 

Italian. 

Calamites. Fossil plants allied to Equiseta. Calamus^ a 

reed. 
Oalc Sinter. Travertine. Deposit of carbonate of lime from 

springs. 
Calcaire Grossier. a tertiaiy limestone of the Paris basin. 

Ccilcaire, limestone ; grossier, coarse. 
Calcareous. Of the nature of lime, (kdx, lime. 
Calcedony. a siliceous mineral. Chalcedon, a city of Bithy- 

nia. 
Calcium. The metallic base of lime. 

Cambrian System. A series of inferior secondary, or transi- 
tion rocks. Greywacke. Cambria, Wales. 
Capillary. Haii'-like. Coj^illus, hair. 
Carbon. An elementary substance. Charcoal and diamond 

are chiefly composed of it. Carho, a coal. 
Carbonate of Lime. Carbonic acid and lime combined. 

Most limestones are of this substance. 
Carbonic Acid Gas. A natural gas which often issues from 

the ground. Carbo, charcoal ; it being obtained from the 

slow burning of coal. 
Carboniferous. Coal-bearing. Carboniferous System, a 

series of rocks, including the Coal-Formation. Carbo, coal ; 

feroy to bear. 
Cataclysm. A deluge. KaT«xXt;^A», to deluge. 
Cephalopodous Mollusca, haying their feet or organs of 

motion placed around the head. Kt^akn, the head ; «*»,', a 

foot. 
Cetacea. Animals of the whale kind. Cete, a whale. 
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Chalk. An earthy limestone, the uppermost of the secondary 

series. 
Chert. A siliceous mineral allied to flint. 
Chlorine. An elementary substance, which supports com- 
bustion. Xktf^et, green. 
Chlorite. A simple mineral of a green colour, xxa^^as, green. 
CiRRHiPODA. Animals allied to mollusca, having slender ap- 
pendages. Bemacles. K<f(«f , a tuft ; wgy a foot. 
Clinkstone. Phonolite, a Felspar rock of the trap series, so 

named on account of its being sonorous when struck. 
Cololite. Fossil intestines, K«x«», intestine ; Xi^oc, stone. 
Co al-Formation. a series of deposits in the Carboniferous 

System. 
Comminuted. Broken into small fragments. Con, together ; 

minuoj to lessen. 
CoNCHiFERA. Shell-bearing, two-yalved mollusca. Ckmcha, a 

shell ; fero, to bear. 
Concentric. Having a common centre. Con, together ; cen- 

trum, centre. 
Conchoidal. Shell-like. 

Concretion. A union of particles or fragments. Con, toge- 
ther ; orescoy to grow. 
Conformable Strata. Having their planes paraUeL 
Conglomerate. Rounded fragments coherent or cemented. 

Con, together ; glomero, to heap. 
Contorted. Twisted or waved. Con, together ; torqneo, to 

bend. 
CoPROLiT^. Fossil excrement. Ko^^ost excrement ; Xii»f, 

stone. 
Coral. A general popular name for Madrepores and other 

calcareous secretions of marine polypi. 
Crater. The funnel-shaped cavity of a volcano. K^atti^, a 

cup or bowl. 
Cretaceous System. Chalk. Creta, chalk. 
Crinoidea. Radiated animals, so named because bearing a 
fancied resemblance to »^iva, a lily. 



GLOSSARY. 



229 



Crocodile. A large aquatic reptile of the lizard family. 
Crystalline. Formed of or resembling crystals. 
Crystal. A regular form of a simple mineral. x^voTakXos, 

ice. 
Cryptogamic Plants. A great order destitute of seeds, such 

as sea-weeds, mosses, and lichens. K^vv-ras, concealed; 

yetftos, marriage. 
Cumbrian Rocks, Part of the lower secondary series. Cmi»- 

6ria, Cumberland. 
C Yc ADEiE. An order of plants having a short stem, with pri- 

mated leaves. Rvxa; , a palm. 
Cyperace^. Sedges and allied genera. 

Debris. Matter abraded from rocks. French. 

Delta. A triangular deposit of alluvia at the mouth of a 
river, named from the triangular Greek letter ^. 

Dendritic. Resembling a tree. Asv^^^^, a tree. 

Denudation. Exposure of rocks by the removal of strata by 
the action of water. Denudo, to lay bare. 

Desiccation. Drying up. Desicco, to dry up. 

Detritus. Matter worn off. De, from ; tero, to rub. 

Development. Growth, increase, or completion. 

Dicotyledonous. Plants of which the seeds have two 
cotyledons, or seed-lobes. Atg, double ; xorvXn^ttv, cotyle- 
don. 

Diluvium. A deluge. Also sand, gravel, clay, and other 
matters transported by deluges. Latin. 

DiNOTHERiUM. A gigautic herbivorous animal, having two 
decurved tusks in the lower jaw. Mtvos, terrible; Bn^tev, a 
wild beast. 

Dip, inclination of strata. 

Disintegrate. To wear away, or fall into fragments, or se- 
parate into its constituent particles. De, from; integer, 
entire. 

DoLERiTE. Greenstone. 

Dolomite. Limestone containing ma^esia. 
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Drusy Cavity. A hollow space in a rock or mineral, having: 
the walls cmsted with crystals. Druse, a little swelling. 
Downs or Dunes. Sand-hills. 

Elvan. a granitic or porphyritic dyke or vein. Term used 

in ComwalL 
Encrinites. Lily-shaped animaL E», in ; x^tm, a lily. 
Endogenous. Plants the growth of whose stem takes place 

by additions in the centre. Ev^dv, within ; ytwM/, to pro- 
duce. 
Eocene. Mr Lyell's term for the first or most ancient of the 

four tertiary periods or deposits. *Bvs, dawn ; xoutos, recent. 
Equiseta. Plants of the Cryptogamic class, growing in water. 

Equus, a horse ; seta, a hair : Horse-tail. 
Erode, To gnaw away. E, from ; rodo, to gnaw. 
Erratic Blocks. Wandering or travelled stones, transported 

from a distance. ErrOf to wander. 
Escarpment. A rock, cliff, or abrupt face of land. Eacarperj 

to cut steep. 
Estuary. An inlet or basin, entered by the sea and a river. 

That part of a river into which the tide flows. uEstus, the 

tide. 
!^xoGENOUS. Plants of which the stem grows by additions at 

the surface. E^a>, without ; ^cvvftA*, to produce. 
ExuviiE. Castings, as the skins of snakes and crabs ; or shells 

of mollusca. Exuo, to put off. 

F^CES. Excrement. Latin. 

Faluns. Tertiary strata in France, analogous to the Crag. 
Fault or Trouble. A dislocation in the strata. 
Felspar. A simple mineral. FeU, a rock. Grerman. 
Felspathic. Composed of, or containing Felspar. 
Ferruginous. Of the nature of, or containing iron. Ferrum, 

iron. 
Filiform. Threadlike. Filum, a thread. 
Fluor-spar. Fluate of lime. 
~ 'wiATiLE. Belonging to rivers. Flurium, a river. 
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Formation. A scries of rocks^ supposed to hare been pro- 
duced under similar circumstances. 

Fossil. An animal or vegetable substance embedded in a 
rock. Fodio, to dig. 

Friable. Easily reduced to powder. 

Fucus. A sea weed. 

Galena. Lead-glance, sulpburet of lead. Tukiu, to shine. 
Garnet. A simple mineral of a deep red colour. GrancUo, a 

pomegranate. 
Gault. Beds of dark coloured clay, in the greensand forma- 
tion. 
Geology. The science of the earth. Tti, the earth ; Xayet, 

doctrine. 
Glacier. An accumulation of ice and snow on mountains. 

Glace, ice. French. 
Gneiss. A stratified rock composed of the same materials as 

granite. Saxon. 
Goniometer. An instrument for measuring the angles of 

minerals. Tuviei, an angle ; fur^ovy a measure. 
Graminivorous. Grass-eating, Gramen, grass ; wro, to eat. 
Granite. An unstratified rock, usually composed of felspar, 

quartz, and mica. Granum, a grain. 
Graphic. Resembling written characters. T^u.(pu, to write. 
Graphite. Plumbago or black lead, r^aipw, to write. 
Greensand. A formation intervening between the upper 

oolite and the chalk-formations. 
Greenstone. A kind of trap-rock, composed of augite or 

felspar and hornblende. 
Greywacke. a transition or lower secondary rock. Grau, 

grey ; wacke^ claystone. 
Gymnospermous. Plants whose seeds are bare. 
Gypsum. Sulphate of lime, or Paris plaster. 

Hackly. Having sharp projecting points. 
H-EMatite. An ore of iron. 'A//t*«, blood. 
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Hebbiyobous. Eating grass or vegetables. Herba, grass ; ro^ 
rOy to eat. 

Hippopotamus. A large animal inhabiting rivers. '!«'«'•;, a 
horse ; vrmfbf, a river. 

Homogeneous. All of one kind. 'O^Mf alike ; ytrosy a kind. 

Hornblende. A simple mineral of a dark green colour. Ger- 
man. 

HoKNSTONB. A siliceous mineral approaching to flint. 

HviBNA. A genus of camivoroas qnadmpeds. 'T?, a boar. 

Hydbogen. An elementary principle, a constitaent of water. 
'T^«^, water ; ytv^oM^ to produce. 

Hypebsthene. a kind of hornblende. 'Tari^, above ; vhfi^ 
strength. 

Hypogene. a term proposed for granite and other connected 
rocks. 'TfTtf, under ; yiwoMj to produce. 

Icebebg. a floating mass of ice. Berg, a hill. German. 

IcHTHYODOBULiTB. Fiu-boues of fishes. 'i;t;^t;f, a fish ; J«*fc, a 
spear. 

IcHTHYOSAUBUS. Flsh-lizard. A genus of fossil Saurian ani- 
mals. 'l;t;^vf , a fish ; Sov^tff, a lizard. 

Igneous. Formed by fire. Ignvm, fire. 

Iguanodon. a fossil lizard. Igaana, a kind of lizard ; 'c^v, 
a tooth. 

Indubated. Hardened. Bwrus, hard. 

Injected Bocks. Thrown in among or through others. Tn^ 
rocks. Injicio, to throw in, 

Invbbtebbate Animals. Those destitute of internal skeleton. 

Jaspeb. a hard mineral of the quartz family. 

Jet. a hard compact lignite. 

JuBA Limestone. Oolitic limestone. 

Kaolin. Porcelain clay. 

Kataclysm. a deluge. KaraxXu^fMSi a deluge. 

Kelloway Bock. A member of the oolitic group. 
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KiLLAS. Clay-slate and greywacke series, so named in Corh- 

walL 
KiMMBSiDOE Clay. A meml^er of the oolitic group. 

Lacustrine. Fonned in lakes. £aoiu, a lake. 

Landslip. A portion of land or rock that has slidden down. 

Lata. Melted matter ejected from a volcano. 

Lbpidodendroh. a genus of fossil plants, of which the stems 
are coTered with scars like scales. Atvtt, a scale ; ht^^av, 
a tree. 

Leucite. a simple mineral, of a whitish colour, found in vol- 
canic rocks. Awxif, white. 

Lias. A series of clays, shales, and limestones, belonging to 
the oc^tic system. 

Lignite. Fossil wood partially converted into coaL Lignum 
wood. 

LoAM» Fine soiL 

.LoLiGO. Cuttle-fish. 

London- Clay. Clay and sand of the tertiary series, equiva- 
lent to the Calcaire grossier of the Paris basin. 

LoPHioDON. A genus of extinct pachydermata. Ao^et, a crest; 
»$tn^ a tooth. 

Ludlow Bock. A member of the upper part of the greywacke 
series. 

Lycopodiacejb. Plants allied to the genus Lycopodium, or 
club-moss. 

Lydian Stone. A quartzose mineral of a grey or black co- 
lour. 

Madrepore. A genus of corals. 

Magnesian Limestone. A series lying above the coal-forma- 
tion. 
Mammalia. Animals bearing mammae or teats. Mamma. 
Mammifera. Animals bearing Mammte or teats. Mamma. 
Mammilla. A nipple-like prominence. 
Mammoth. An extinct species of elephant. 
Masl. a mixture of clay and lime. 
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Marsupzaii Animals. HaTing s pouch in which ihey cany 
their yonng. Manupium, a poach. 

Mastodon. A gmaa of extinet.quadrapeds allied to the ele- 
phants. Mmgrwy a nipple ; tUm, a tooth ; the grinders hav- 
ing conical prominences. 

MsDUSiB. A tribe of marine radiated animals. 

Megalonyz. a fossil animal of vast size. Miymtt huge ; Mi, 
claw. 

Megalosaurus. a fossil animal of the saurian family. Mf- 
yttst large ; ^»v(»t, a lizard. 

IdDsGATHBRruic A^igsntie fossil qnadraped resembling a sloth. 
Htyas, large ; ^n^tov, a wild beast. 

Mbsottpb. a simple uuKieral of the zeolite family^ common 
in some trap rocks. ' ** 

Meteorite. A mineral mass formed in the atmosphere. 

Mica. A simple mineral. MieOj to shine. 

Mica-Slate. A slaty rock, composed of mica and quartz. 

Miocene. One of Mr Lyell's four tertiary epochs. Mum^ 
less ; simtwf, new. 

Molar Teeth. Grinders, or back teeth. Mcia, a mill. 

Molluscous. Soft animals, as cuttle-fish and oysters. MMt, 
soft. 

Monitor. A kind of lizard. 

MoNocoTTLEDONOus. Plants whose seeds have a single coty- 
ledon or seed lobe. Uavg^ single ; x»TvXnh0f, a seed-lobe. 

Mountain Limestone. Carboniferous limestone. A series 
of strata lying below the coal-formation. 

MuLTiLocuLAR. ShcUs having many cavities. MuUui, many ; 
loeuUu, a partition. 

MuLTivALVE. Shells of more than two pieces. Mvkui, many 
vcUta, a door. 

MuscHELKALK. Shell Limestone. 

New Bed Sandstone. Variegated sandstone. A series lying 

over the magnesian limestone. 
Nickel. A metal which occurs in meteoric iron. 
Nitrogen. Azote. An elementary substance. N/r^y, nitre; 
xtt, to produce. 
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Normal. Regular. NotToa, a rule. 

NuMMULiTE. A fossil shell^ so named on account of its form. 
Nunumts, money ; Xt4«f, a stone. 

Obsidian. Volcanic glass or yitreous lara. 

Old Rbd Sandstone. A formation lying below the moun- 
tain limestone. 

Olivine. A simple mineral of a greenish colour^ common in 
basalt and laya. 

Oolite. A limestone often exhibiting small round particles or 
grains, somewhat resembling the roe of a fish. n«>, an 
egg ; }^ihs, a stone. 

Organic Remains. Fossil remains of animals and plants. 

Orthoceratite. a long conical straight shell with numerous 
dissepiments. O^ts, straight ; »i^as, a horn. 

Osmium. An elementary metallic substance. Os/ttti, smell. 

Osseous. Bony. Containing or composed of bones. Os, a bone. 

Ossiferous. Containing bones. Osj a bone ; fero, to bear. 

Oxford Clay. A member of the oolitic series. 

Oxide. The combination of a metal with oxygen, o^v;, acid. 

Oxygen. A gaseous principle, o^vg, acid ; y»vf»v, to produce. 

Paljbontology. The science of fossil remains. Iiakatof, an- 
cient ; av<ra, beings ; >.«>/«f, doctrine. 

Fal^otherium. An extinct pachydermatous quadruped. Ha- 
Xmos, ancient ; ^n^tof^ a wild beast. 

Peperino. a volcanic tufa, of which the particles are com- 
pared to pepper. 

Percolate. To j&lter through. Per, through ; coU, to strain. 

Permeate. To pass through or penetrate. 

Petrifaction. A substance converted into stone. Petra, a 
rock ; fado, to make. 

Phanerogamous. Plants producing flowers and seeds. *»n^6i, 
evident ; y»fi>ni marriage. 

Phonolite. Clinkstone. *a»wj, a sound or voice; Xi^aj, a 
stone. 

Pisolite. Peastone. A variety of Oolite. ni^#», a pea; 
xJeSi & stone. 
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PiTCHSTONE. A mineral substance somewhat resembling hard 

pitch, and allied to obsidian. 
Plastic Clay. Clay so named because easily moulded. A 

member of the Tertiary Series, nxar^-w, to fashion. 
Platina. a metal. Plata, silver, Spanish. 
Plesiosaurus. a fossil animal allied to the crocodile family. 

UXfi^tn, near to ; fttv^ogf a lizard. 
Pliocene. One of the tertiary periods, nxa^v, more ; Ktuvos, 

new. 
Plutonic Rocks. Igneous rocks. Pluto, the fabled god of 

the infernal regions. 
Polypi. An order of radiated animals. TUXvs,, many ; mg, a 

foot. 
Porphyry. An igneous rock containing distinct ciystals in a 

homogeneous or crystalline base. Ut^v^tt, purple. 
Portland Oolite. A series of Oolitic beds. 
Precipitate. A substance thrown down or deposited from a 

chemical solution. PrceeipUo, to throw headlong. 
Primary. First in order. 
Protooene. a kind of granite containing talc or steatite. 

Ti^ttTos, first ; ytfinut, to produce. 
Pterodactylus. a winged reptile, nrs^**, a wing ; ^AxruAt^ 

a finger. 
Pudding-stone. Conglomerate. 
Pumice. A spongy lara. Pumex, 
PuRBECK Limestone. Part of the Wealden formation. 
Pyrites. Sulphuret of iron or copper. Firestone. nv«> fire. 
Pyrogenous. Igneous, Plutonic, or trap rocks. n»^ fire ; 

yiffauf to produce. 

Quartz. A simple mineral, composed of silica. German. 

Radiated. Rayed ; composed of fibres, or of members ema- 
nating from a common centre. Radius, a ray. 
Red Sandstone. So named from its colour. Old Red, be- 
low ; and New Red, above the Coal-formation. 

Geologically, a mineral deposit of any degree of hard- 
er aggregation. 
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BoESTONE. Oolite. 

BtJMiNATiNG Animals. Oxen, sheep, deer, and others, which 
chew their food a second time. 

Salient Angle. A projecting angle. 

Sandstone. Concrete particles of sand. 

Saurian Bemains. Those of j^ninn^ls of the lizard or croco- 
dile family, ^av^as, sl lizard. 

Schist. Slate. 2;^i|w, to split. 

ScHOBL. A black yarietj of Tonrmaline. 

ScoRiiB. Cinders. 

Seam. The separation of two layers or strata. 

Secondary. Second in order. 

Sedimentary. Thrown down from a state of mechanical sus- 
pension in' water. Sedeo, to settle down. 

Selenite. Crystallized gypsum. ^Xfifn, the moon. 

Sepia. Cuttle-fish. 

Septaria. Fossils divided by partitions. Septum^ a partition. 

Serpentine. A rock so named because often variegated like 
the skin of some serpents. 

Shale. Slate-day. 

Shingle. Pebbles or stones worn round by water. 

SioiLLARiA. A genus of fossil plants of which the surface 
seems as if impressed with a seaL SiffiUumj a seal. 

Silica. One of the earths. SUex, flint. 

Siliceous. Composed of Silica. 

Silicified. Converted into flint. SUex, flint ; fio, to become. 

Silurian. A system of transition or lower secondary rocks, 
so named by Mr Murchison. SUuret, ancient inhabitants 
of part of Wales. 

Simple Minerals. Minerals. 

Simple Bocks. Composed of a simple mineral species. 

Solfatara. a half-extinct volcano, emitting sulphurous ex- 
halations. 

Specular Iron-ore. A variety of iron-ore with polished 
shining surfaces. Speeuiumj a looking-glass. 

Stalactite. Carbonate of lime formed like icicles on the roofs 
of ca^es. ^TttXayfjM, 'a drop. 
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Stalagmite. Carbonate of lime forming expanded layers on 
the bottoms of caves. ZraXay^uB, a drop. 

Steatite. Soiq>8tone. A magnesian minenJL 

Stigmaria. a genus of fossil plants, of which the stem is 
marked with small tubercles. ^x^ny/tM, a mark burnt in. 

Stilbite. a mineral of the zeolite family. 

Stratum. A bed or layer of rock. StnUtim, a bed. 

Stratified. Disposed in layers. 

Syenite. A variety of granite, having hornblende as an in- 
gredient 8^eM, a town in Upper Egypt 

Talus. A sloping heap of debris at the foot of a rock. 

Tertiary Strata. A series of sedimentary rocks, the third in 
order. 

Testaceous Mollusca. Shell-fish. Tata, a shelL 

Thermal Waters. Hot waters. Bff^«» heat 

Titanium. A metaL 

Trachyte. A kind of lava. T^»x^* rough. 

Transition Socks. Those intermediate between thepiimazy 
and secondary, or passing from the former to the latter. 
Tranteo^ to pass over. 

Trap. Igneous rocks. Trappa, a stair, Swedish. 

Travertine. A limestone deposited from water holding car> 
bonate of lime in solution. Calcareous tufa. 

Trilobite. a crustaceous animal found in the older secon- 
dary rocks. T^itf, three ; x«/3««, a lobe. 

Tubercle. A small knob. Tuberetdum, 

Tufa, Calcareous. Carbonate of lime deposited from water. 

Tufa, Volcanic A volcanic rock of earthy texture. 

Tufa, Trap. Conglomerate of trap rocks. 

Univalve Shell. Composed of one piece. Unut, one ; tdbray 
a door. 

Ura ni om. a metal. 

Valley of Elevation. Originating in a fracture of the strata, , 
and an upward movement of the fractured part 
TiEY OF Excavation. Originating in a depression. 
dium. a metal. Vanadity a Scandinavian deity. 
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Vascular. Full of yessela Vaacmhwrn, a little vessel. 
Vbin. a plate of mineral matter intersectmg a rock or series 

of rocks. 
Yertebrated Animals. Those having an internal skeleton. 
Vertical. Perpendicular. Vertexj the crown of the head. 
Vitrified. Converted into glass. Fitnuii, glass. 
Volcanic. Produced by volcanoes. 
Volcano. A vent for the escape of ignited mattem, and gas 

from the interior. 

Wacke. a somewhat soft and earthy variety of trap rock. 
Wealdbn Formation. A series of rocks lying beneath the 
Ghreensand. Weald of Sussex. 
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Add, action of, on limestone, 79. 
Acotyledonous plants, 64. 
Actinolite, 46. 
Actinolite-slate, 54, 97. 
Action of acid on rocks, 79. 
Aerolites, 15. 
Alluvial strata, 155. 

Aluminum, Sg. 

Amygdaloidal teztixre, 76. 
Amygdaloids, 162. 
Animals, arrangement of, 59. 

articulated, 60. 

molluscous, 60. 

radiated, 61. 

yertebrated, 59. 
Argillaceous rocks, 54. 
Arnmgement of animals, 59. 

of coal strata, 152. 

of plants, 62. 

of rocks, 80. 
Arthur^ seat, structure of, 70. 
Articulated animals, 60.. 

animals, remains of, 62. 
Asbestus, 45. 
Atmosphere, composition of the, 18. 

currents of the, 14. 

temperature of the, 18. 
Atmospheric electricity, 15. 

water, 14. 
Augite, 46. 

rock, 168. 
Augitic rocks, 54. 
Aymesty limestone, 115. 

Bala limestone, 112. 
Basalt, 84, 162. 
Basalts, 169. 
Basins of lakes, 88. 
Beaches, pebbly, 181. 



Ben-Ledi, structure of, 69. 
Ben-na-muc-dui, structure of, 68. 
Bitumen, 47. 

Bituminous shale, 54, 121. 
Bog iron-ore, 188. 
Bottom of the sea, 19. 
Britain, rocks of, 69. 

Calcareous grit, 185, 

sandstone, 185. 

spar, 46. 

rocks, 54. 
Calcium, 89. 

Cambrian group of rocks, 111. 
Caradoc sandstone, 115. 
Carbon, 89. 
Carboniferous rocks, 55* 

system, 117. 
Cavernous texture, 76. 
Caverns, 219. 
Cellular plants, 68. 
Central heat, 202. 
Chains, branches of, 80. 

limits between, 82. 
Chalk, 55. 

Change of climate, 210. 
Chiastolite day-slate, 110. 
Chisel, 80. 
Chlorine, 88. 
Chlorite, 44. 

slate, 58, 95. 
Classification of rocks, 82. 

secondary strata, 106. 
Clay, 54, 121. 

indurated, 161. 

Kimmeridge, 186. 

Oxford, 185. 

Weald, 185. 
Clay iron-ore, 86. 
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Clay-slate, 58, 97, 111. 
Clay-slate and g^reywacke system, 110. 
minerals of, 118. 
organic remains of, 118. 
Clay-sl&te, chiastolite, 110. 

homblendic, 110. 
Claystone, 59, 161. 
Cliff, 25. 

Climate, change of, -210. 
Clinkstone, 52, 161, 169. 
Clinometer, 80. 
Coal, 48, 55, 121. 

economical nses of, 124. 
formation, 120. 

fiBults In, 122. 
minerals of, 128. 
organic remains o^ 
128,125. 
nature and origin of, 128. 
strata, arrangement of, 122. 
Common Coal, 56. 

elementary substances, 88. 
minerals, 40. 
rocks, 49. 
Compact felspar, 52, 161. 
texture, 74, 75. 
Compass, 80. 

Component parts of the earth, 12. 
Composition an4 texture of grsaite, 
84. 

of rocks, 74.| 
of the atanospbere, 18. 
of the earth, 12. 
of the ocean, 16. 
Compound rocks, 49. 

textore of, 75. 
Conchoidal firactnre, 79. 
Concretionary deposits» 156^ 
Conformable strata, 108. 
Conglomerate, 56. 
Conglomerated texture, 76. 
Conglomerates, modem marine, 181. 
Conglomerate, trap, 165. 
Connexion of granite, 87. 
Colour of rocks, 79. 
Columnar structure, 76. 
Coral deposits, 186. 
Coral-rag, 185. 
Coralline deposits, 166. 
Comubianite, 114. 
Craters of elevation, 194« 
Cretaceous system, 188. 
Crystalline limestone, 55. 



Crystalline texture, 75. 
Cumbrian group of rocks, 110. 
Currents, marine, deposits formed by, 
182. 

of the atmosphere, 14. 

subterranean, 219. 

Debris of rocks, 174. 

preserving effects of, 175. 
Delta of the Xile, 178. 
Deluge, Mosaic, 220. 
D<nisity of the earth, 10. 
Deposition of primary strata, 208. 
Deposits at the mouths of rivers, 178 . 
ofoOral»186. 
of metals, 215. 
coralline, 156. 
formed bymaiine currents, 

182. 
formed by springs, . 187. 
in lakes, 179. 
in valleys, 177. 
metallic, 21&. 
phenomena of trafs 906. 
Detritus of rivers, 176. 
Diallage, 46. 
Diallage-rock, 61, 101. 
Dicotyledonous plants, 68* 
Distinguishing characters of reeks, 78. 
Distribution of land, 21* 

of voloaaoes, 191* 
Disturbance, systems (rf*, 207. 
Division of stratified vodcs, 90. 
Dolomite, 47, 55, 100. 
Downs, 188. 
Drift sands, 188. 
Dykes, 104. 
Dykes, volcanic, 198. 



Earth, component parts of tlfte» 19. 
form <tf the, 10. 
fti]ler*s, 185. 
general idea of the, 9. 
its density, 10. 
its physical condltionif 9, 
its temperature, 11. 
Earthquake of Lisbon, 197. 
Earthquakes, 189. 

effiBcti of, 198. 
elevation of land l^, IM. 
general effects of, 199* 
of Calabria, 197. 
phenomena of; 198. 
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Earthquakes, their connexion with toI- 

canoes, 195. 
Earth's surface, irregularities of, 22. 
Earthy texture, 75. 
Economical uses of coal, 124. 
of granite, 88. 
of oolitic formations, 
136. 
Effects of earthquakes, 199. 
Electricity of the atmosphere, 15. 
Elementary substances, 87. 
Elevation and subsidence of land, 208. 

of land by earthquakes, 198. 

of the strata, 200. 
Elvan courses, 114. 
Endogenous plants, 64. 
Eruptions of igneous matter, 204. 

of water, 179. 

products of, 191. 

proofs of earth's fluidity 
from, 212. 

volcanic, 191. 
Euphotide, 51, 101. 
Eurite, 85. 

Evaporation of the sea, 18. 
Even fracture, 78. 
Exogenous plants, 63. 
Extinct volcanoes, 194. 

Faults in coal formation, 122. 

in strata, 108. 
Felspar, 48. 

compact, 161. 
porphyry, 52. 
Felspathic rocks, 51. 
Ferriferous rocks, 56. 
Fibrous texture, 75. 
Fishes, fossil, 61. 
Flags, Llandeilo, 115. 
Flint, 50. 
Flinty lustre, 79. 

slate, 50. 
Fluidity, proofs of earth's former, 211. 
Forest marble, 185. 
Form of rocks, 76. 

of the earth, 10. 
Formation, defined, 108. 
coal, 120. 

of metallic veins, 216. 
of peat, 184. 
of rocks, 80. 
of the globe, 221. 
We^lden, 187. 



Formations of the present period, 172. 

progress of, 204. 
Fossil fishes, 61. 

pachydermata, 61. 
plants, 64. 
Fossils of ooUtio formation, 136. 
of the lias, 188. 
of wealden formation, 137. 
Fracture, conchoidal, 79. 
even, 78. 
hacUey, 79. 
of rodcs, 78. 
splintery, 79. 
uneven, 78. 
Fragmentary rocks, 56. 

texture of, 76. 
Fuller's earth, 135. 
Fundamental rocks, 82. 
Fusion of the globe, 210. 

Garnet, 48. 

General arrangement of rocks, 72. 
idea of the earth, 9, 221. 
remarks on granite, 89. 
structure of rocks, 78. 
Glance coal, 55. 

Globe, general idea of its formation, 
221. 
igneous fusion of, 210. 
materials of the, 87. 
Globular masses, 78. 

structure, 76. 
Gneiss, 52, 98. 

granitic, 98. 
laminar, 98. 
slaty, 98. 
Granite, 51. 

composition and texture of,' 

84. 
connexion of, 87. 
economical uses of, 88. 
general remarks on, 89. 
graphic, 85. 
homblendic, 86. 
porphyritic, 85. 
position and extent of, 88. 
schorly, 86. 
structure of, 86. 
talcose, 85. 
Granitic gneiss, 98. 

graphite, 85. 
texture, 75. 
trap, 164. 
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Granular laminated mica-slate, 94. 

texture, 76. 
Graphic granite, 86. 
Great oolite, 186. 
Green earth, 44. 
Greenstone, 64, 168, 169. 
Greywacke, 66. 
Grit, calcareous, 186. 
Gryphite limestone, 188. 
Gypsum, 47, 66, 180. 

Hackley fracture, 79. 
Hammer, 80. 
Hardness of rocks, 79. 
Hastings sand, 187. 
Heaps of shells, 182. 
Heat, central,' 203. 
Hilly ground, 208. 
Hornblende, 45. 

rock, 96. 

slate, 64, 96. 

clay-slate, 110. 
Homblendic granite, 86. 

rocks, 68. 
Hydrogen, 88. 
Hypersthene, 46. 

* rock, 164. 

Ichthyosaurus, 61, 188. 
Igneous fusion of the globe, 210. 
matter, eruptions of, 204. 
rocks, 168. 

relative age of, 209. 
Iguanodon, 61. 
Indurated clay, 161. 
Instruments for examining rocks, 80. 
Iron, 40. 

ore clay, 66. 
pyrites, 66. 
stone, 121. 
Irreg^ularities of earth's surfi&ce, 22. 
Irregular masses, 76. 

Jasper, 60. 

Kelloway rock, 186. 
Kimmeridge clay, 186. 

Lakes, 88, 84. 

deposits in, 179. 
Lamellar texture, 76. 
Laminar gpieiss, 98. 

micardate, 94, 



Laminar texture, 75. 

Lammermuir hills, structure of^ 70. 

range. 111. 
Land, distribution of the, 21. 

elevation and subsidence of the, 
208. 
Lava, 169, 192. 
Lias clays, lower, 182. 
formation, 182. 
fbssils of the, 188. 
fimestone, 182. 
minerals of, 188. 
shale, middle, 182. 
upper, 182. 
Lignite, 66. 
Limestone, 121. 

and shale, Wenlock, 115. 
Bala, 111. 
gryphite, 188. 
mountain, 119. 
oolite, 66. 
primary, 66, 99. 
Purbeck, 187. 
secondary, 66. 
sheU, 129. 
Limits of mountain-chains, 82. 
Llandeilo flags, 116. 
London, geology of neighbourhood 

of, 70. 
Longitudinal valleys, 82. 
Lower lias clays, 182. 

Ludlow rock, 116. 
new red sandstdne, 128. 
oolite, 186. 
secondary rocks, 109. 
Silurian rocks, 116. 
Ludlow rocks, 116. 
Lustre, flinty, 79. 
of rocks, 79. 
plumbaginous, 79. 
resinous, 79. 
sUky, 79. 
vitreous, 79. 
waxy, 79* 
Lydian stone, 50. 

Madrepore deposits, 186. 
Magnesium, 40. 
Manganese, 40, 48. 
Marble, 100. 

forest, 186. 
Marine conglomerated, modem, 181. 
Marl, 64. 
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Marl, red, 129. 
Karlstone, 182. 
Harls, Yariegiited, 180. 
MasseB, globular,*? 8. 
irregular, 76. 
MaBsive structure, 76. 
Materials of the globe, 87. 
Metallic deposits, 216. 
veins, 216. 

formation of, 216. 
Metals, native, 216. 

local prevalence of, 217. 
Metamorphic rocks, 91. 
Meteoric stones, 15. 
Mica, 44. 

Micaceous rocks, 58. 
Mica-slate, 58, 94. 

granular, 94. 
laminar, 94. 
minerals found in, 95. 
• porphyritic, 95. 
Middle lias shale, 132. 
oolite, 185. 
secondary rocks, 117. 
Minerals found in mica-slate, 95. 
most abundant, 40, 42. 
of clay-slate and greywacke, 

118. 
of coal formation, 128. 
of oolitic formation, 186. 
of the lias, 188. 
qualities of, 41. 
Modem epoch, characters of, 178. 
formations, 172. 
volcanoes, products of, 169. 
Mollnsca, remains of, 62. 
Molluscous animals, 60. 
Monocotyledonous plants, 64. 
Mosaic deluge, 220. 
Motions of the sea, 17. 
Mountains, 28. 

Mountain-chains, relations of, 81. 
ridges of, 27. 
slopes of, 28. 
summits of, 81. 
limestone, 119. 
masses, 25. 
Mouths of rivers, deposits at the, 78. 
Mud of rivers, 85. 
volcanic, 193. 

Native metals, 216. 
Nature of volcanoes, 189. 



Nile, delta of the, 178. 
Nodules, 78. 

Obsidian, 50, 168. 
Ocean, comxKMition of the, 16. 
temperature of the, 17. 
Oolite, 55. 

great, 185. 
lower, 185. 
middle, 185. 
Portland, 186. 
upper, 186. 
Oolitic formation, economical uses of, 

186. 
fossils of, 186. 
minerals of, 186. 
system, 181. 

strata of, 181. 
Old red sandstone, 118. 
Order of description of rocks, 81. 
Ores, 216. 
Organic remains, 57. 

of coal formation, 

128, 125. 
of clay-slate and 
greywacke, 118. 
of saliferous system, 
181. 
Overlying rocks, 88, 159. 
Oxford clay, 185. 
Oxide of iron, 48. * 

Pachydermata, fossil, 61. 
Paleeontology, 58. 
Peat, 56, 156. 

formation of, 184. 
Pebbly beaches, 181. 
Pegmatite, 85. 

Pentland hills, structure of^ 70. 
Phenomena of stratification, 108. 
of trap deposits, 206. 
veins, 205. 
Phosphorus, 88. 

Physical conditions of the earth, 9. 
Pisolite, 186. 
Pitchstone, 50, 161. 
Plants, acotyledonous, 64. 

arrangement of, 62. 

cellular, 68. 

dicotyledonous, 68. 

endogenous, 64. 

exogenous, 68. 

fossil, 64. 
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Plants, moBOootyledonoiis, 64. 

vascular, 68. 
Plesiosaurus, 61, 134. 
Plinlimmon rocks. 111. 
Plumbaginous lustre, 79. 
Porphyries, 168. 
Porphyritic granite, 85. 

mica-slate, 95. 
texture, 75. 
Portland oolite, 186. 

sand, 186. 
Position and extent of granite, 83. 
Potassium, 89. 

Preserving effects of debris, 175. 
Primary limestone, 99. 

rocks, 91. 

species ot^ 92. 

strata, deposition of, SOS. 
Primitive districts, scenery of^ lOS. 
Principal valleys, 39. 
Prismatic structure, 76. 
Progress of geological ftnnationB, 204. 
ProteoUte, 114. 
Protogene, 51, 85. 
Pseudo-strata, 76. 
Pumice, 50, 168. 
Purbeck limestone, 187. 

Quartz, 48. 

rock, 50, 98. 
Quartzose rocks, 50. 

Radiated animals, 61. 
texture, 75. 
Rag, coral, 185. 
Recent strata, 155. 
Red marl, 129. 

Relations of mountain-chains, 81. 
Relative age of ^eous rocks, 209. 

extent of rocks, 81. 
HAma^iwa of articulated animals, 62. 
of mollusca, 62. 
of vertebrated animals, 61. 
of zoophytes, 62. 
Resinous lustre, 79. 
Ridges of moimtain-chains, 27. 
Rivers, 84. 

detritus o^ 176. 
Rock, dlallage, 101. 
Kelloway, 185. 
salt, 47, 130. 
Rocks, action of add on, 79. 
arrangement of, 80. 



Rocks, Cambrian group of. 111. 

classification of, 82. 

colour of, 79. 

composition* of, 74. 

compound, 49. 

Cumbrian group of, 110. 

debris of, 174. 

distinguishing characters of, 
78. 

form of, 76. 

fracture of, 78. 

fundamental, 82, 88. 

general arrangement of, 72. 

general structure of, 78. 

hardness of, 79. 

igneous, 158. 

instruments for examining, SO. 

lower secon(iary, 109. 
Silurian, 115. 

Ludlow, 116. 

lustre of, 79. 

metamorphic, 91. 

middle secondary, 117. 

more common, 49. 

observed in Britain, 69. 

order of description of; 81. 

overlying, 83. 

Plinlimmon, 111. 

prevalence of metals in, 217. 

primary, 91. 

quartzose, 50. 

relative age of igneous, 209. 

secondary, 106. 

Silurian, 114. 

simple, 49. 

Snowdon, 111. 

species of primary, 92. 

specific gravity of, 79. 

stratified, 71, 82. 

structure of, 76. 

submedial, 109. 

tertiary, 91. 

texture of, 74. 

compound, 75. 
fragmentary, 76. 
simple, 74. 

transition, 109. 

unstratified, 71, 159. 

upper secondary, 127. 
Silurian, 115. 

volcanic, 83, 166. 
Running water, action of, 176. 



INDBZ. 



247 



Saliferoiu system, 138. 

organio remains o^ 181. 
Salt of lakes, 86. 
Sand, Hastings, 187. 
Portland, 186. 
Sands and doi/ms, 188. 

drift, 188. 
Sandstone, 51, 56, 121. 
calcareous, 185. 
Ctoadoc, 115. 
lower new red, 128. 
old red, 118. 
upper new red, 129. 
variegated red, 129. 
Scaly texture, 75. 
Scenery of primitiTe districts, 102. 
Schorl, 46. 
Schorl rock, 85. 
Sea, bottom of the, 19. 

eyaporation of the, 18. 
motions of the, 17. 
Secondary rocks, 91, 106. 

middle, 117. 
strata, classification of, 106. 
Serpentine, 45, 58, 100. 
Shale, 54, 121. 

bituminous, 121, 
Shell limestone, 129. 
Shells,'accnmubktions of, 182. 
Shorly granite, 85. 
Silicium, 39. 
Silky lustre, 79. 
Silurian rocks, 114, 

lower, 116. 
upper, 115. 
system, 114. 
Simple minerals, 40. 
rocks, 49. 

texture of, 74. 
substances, 87. 
Slate-clay, 54. 

Stonesfield, 185. 
Slaty gpieiss, 98. 

texture, 75. 
Slopes of mountain-chains, 28. 
Snowdon rocks, 111. 
Sodium, 89. 
Soil, vegetable, 178. 
Species of primary rocks, 92. 
Specific gravity of rocks, 79. 
Splintery fhtcture, 79. 
Springs, 34. 

deposits formed by, 187. 



Stalactites, 187. 
Steatite, 45. 
Stonesfield slate, 185. 
Strata, 76. 

alluvial, 155. 
conformable, 108. 
deposition of primary, 208. 
elevation of the, 206. 
of oolitic system, 131. 
succession of, 71. 
unconformable, 108. 
Stratification, phenomena of, 103. 
Stratified rooks, 71, 82. 

division of, 90. 
Strike of strata, 108. 
Structure, columnar, 76. 
globular, 76. 
massive, 76. 
of granite, 86. 
of rocks, 76. 
' of trap rocks, 160. 
prismatic, 76. 
tabular, 76. 
Submedial rocks, 109. 
Subterranean currents, 219. 
Succession of strata, 71. 
Sudden eruptions of water, 180. 
Sulphur, 88. 

Summits of mountain-chains, 81. 
Syenite, 51, 86, 164. 
System, carboniferous, 
cretaceous, 188. 
of rocks defined, 81. 
ooUtic, 181. 
saliferous, 128. 
Silurian, 114. 
strata of oolitic, 181. 
Systems of disturbance, 207. 

Table-lands, 28. 
Tabular structure, 76. 
Talc, 44. 

slate, 58, 96. 
Talcose granite, 85. 

rocks, 53. 
Temperature of the atmosphere, 13. 
of the earth, 11. 
of the ocean, 17. 
Tertiary rocks, 91. 
Texture of rocks, 74. 

of compound rocks, 75. 
of fragmentary rocks, 7C. 
of simple rocks, 74. 
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Texture, amygdaloid,, 7$, 

brecciated, 76. 

cavemoiis, 76. 

compact, 75. 

conglomerated, 76. 

crystallixM, 75. 

earthy, 76. 

fibrous, 75. 

granitiG, 75. 

granular, 75. 

laminar, 75. 

lamellar, 75. 

porphyritic, 75. 

radiated, 75. 

scaly, 75. 

slaty, 75. 
Trachyte, 58, 107. 
Trachytic tufa, 168. 
Transition rocks, 169. 
Trap,, conglomerate, 165, 57. 

/ deposits, phenomena of, 206. 
rock8»159. 

classification of, 161. 
structure of, 161. 
Trap tufa, 57. 

Trap Yeins, phenomena of, 205. 
Tufa» trachytic, 168. 

Unoauformable strata, 108. 
Undulated ground, 23. 
Uneven fracture, 78. 
Unstratified rocks, 71, 159. 
Upper lias-shale, 1S2. 

Ludlow rockr 115. 

oolite, 136. 

new red sandstone, 129. 

secondary rocks', 127. 

Silurian rocks, 115. 

Valleys, 29. 

deposits in, 177. 

longitudinal, 82. 
Variegated marls, 180. 



Variegated red sandstone, 129. 
Vascular plants, 68. 
V^;etable deposits, 156. 

soil, 178. 
Veins, 78. 

formation of metallic, S16. 
metallic 216. 
phenomena of trap, 205. 
Vertebrated animals, 59. 

remains of, 61. 
Vitreous lustre, 79. 
Volcanic basalt, 189. 
brecda, 56. 
clinkstone, 169. . 
dykes, 198. 
eruptions, 191. 
fires, position of the, 195. 
greenstone, 169. 
rocks, 88, 166. 
Volcanoes, 189. 

distribution of, 190. 
extinct, 194. 

mod»m, products of, 169. 
nature of, 189. 
their connexion wHh earth- 
quakes, 

Wacke, 54, 161. 

Water of springs, rivers, and lakes, 84. 

eruptions of, 179. 

running, action of, 176. 

courses, 88. 
Waxy lustre, 79. 
Wealden formation, 187. 

fossils of, 1S7. 
Weald clay, 187. 
Wedge, 80. 

Wenlock limestone and shale, 115. 
Whitestone, 85. 

Yorkshire, geology of, 70. 

Zoophytes, remains of, 62. 
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